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SECTION  OF  GEOLOGY  AND  MINERALOGY* 

URANIUM  EXPLORATION  METHODS** 

By  Jack  Kratchman 

Division  of  Raw  Materials,  United  States  Atomic  Energy  Commission, 
iyashington,  D.  C. 

Introduction 

Exploration  for  minerals  is  both  an  art  and  a  science.  The  successful 
practitioner  must  examine  with  care  all  data  in  order  to  select  those 
clues  that  will  ultimately  lead  him  to  the  discovery  of  an  ore  body. 
Methods  of  exploration  encompass  three  phases:  (1)  planning  the  ex¬ 
ploration  program;  (2)  application  of  appropriate  exploration  techniques 
;o  selected  areas;  and  (3)  evaluation  of  prospects  discovered. 

Planning 

The  choice  of  the  best  possible  area  in  which  to  apply  the  available 
and  appropriate  exploration  method  is  essential  to  the  success  of  any 
program.  Choosing  implies  elimination,  and  this  is  furthered  by  a  pre¬ 
liminary  classification  of  ground  for  prospecting.  Types  of  prospecting 
ground  may  be  grouped  into  the  following  categories:  (1)  ground  in  which 
ore  bodies  are  known  to  be  present;  (2)  ground  in  which  favorable  litho¬ 
logic,  mineralogic,  or  structural  indications  are  present  in  varying 
degrees;  and  (3)  ground  in  which  there  are  no  favorable  indications. 

The  most  important  ore  yields  of  the  United  States  have  come  from  the 
Colorado  Plateau,  which  is  the  best  example  of  a  favorable  area  in  this 
country,  as  defined  by  category  1.  Uranium  has  been  discovered  recently 
:n  Karnes  County,  Texas,  in  three  different  horizons  of  middle  Tertiary 
age.  Favorable  lithologic  and  structural  conditions  exist  for  many  miles 
along  the  coast  of  the  Gulf  of  Mexico,  and  such  territory  would  be  an 
example  of  category  2.  No  uranium  has  been  discovered,  however,  in  the 
Atlantic  Coastal  Plain  north  of  Florida,  and  favorable  indications  of 
luture  discoveries  there  are  not  now  present.  Sufficient  justification, 
therefore,  would  not  exist  for  an  extensive  exploration  program  for 
Itanium  in  this  area  at  this  time. 

After  a  systematic  study  of  the  literature  on  uranium  geology,  and 
i'ter  a  weighing  of  such  factors  as  relative  geolc^ic  favorability,  time 
aiid  money  to  be  expended  on  the  program,  accessibility,  distance  to 
existing  milling  facilities  or  buying  stations,  and  amenability  of  possible 
discoveries  to  metallurgical  treatment,  a  broad  area  may  be  selected  for 

'The  Section  of  Physics  and  Chemistry  held  s  meetiM  on  November  1,  1955  at  which 
V  ^eper  entitled  "Theory  of  Conductance  of  Strong  ^ectrolytes"  was  presented  by 
k-'^yuiund  M,  Fuoss.  This  paper  will  be  published  later  as  a  separate  article  in  the 

Iannals. 

i,  "Thie  paper,  illustrated  with  Kodachrome  slides,  was  presented  at  a  meeting  of  the 
lection  on  November  7,  1955. 

_ _ _ 
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further  research.  Within  this  broad  area,  more  precise  guides  must  be 
employed  to  outline  the  specific  areas  in  which  exploration  is  to  begin. 
Uranium  has  a  strong  tendency  to  disperse  because  of  its  solubility, 
chemical  reactivity,  and  polyvalence.  However,  this  dispersion  is  selec¬ 
tive  in  the  sense  that  mineable  concentrations  of  uranium  have  been 
found  more  frequently  in  certain  types  of  environments  than  in  others. 
The  criteria  by  which  these  potentially  favorable  environments  may  be 
recognized  may  be  classified  into  lithologic,  stratigraphic,  mineralogic, 
structural,  trends  and  patterns,  and  physiographic  guides. 
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Lithologic  Guides 

The  tendency  of  certain  metals  to  be  associated  with  specific  intru¬ 
sive  rcxrk  types  is  well  known.  Uranium  has  a  tendency  to  be  associated! 
with  silicic  igneous  rocks,  and  granite,  syenite,  gran odiorite,  quartz  mon- 
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zonite,  and  quartz  diorite  are  examples  of  hosts  that  may  be  considered 
as  potentially  favorable.  Continental  sandstones  and  conglomerates  have 
been  the  most  prcxluctive  sedimentary  rock  type. 
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Stratigraphic  Guides 

On  the  Colcxado  Plateau,  the  most  important  uranium-bearing  forma¬ 
tions  are  the  Shinarump,  Chinle,  Todilto,  and  Morrison.  Geologic  maps 
showing  the  areal  distribution  of  these  formations  serve  to  focus  atten¬ 
tion  on  the  mote  important  locations  for  search. 

Although  geologic  time  can  be  used  with  greater  precision  as  an  ex¬ 
ploration  guide  in  sedimentary  areas,  Everhart  and  Wright*  have  recog¬ 
nized  at  least  three  time  classifications  of  uranium  metallization 
vein  deposits  in  crystalline  rocks:  (1)  Pre-Cambrian  in  Africa  and,  in 
North  America,  the  Canadian  Shield  (Shinkolobwe,  Belgian  Congo; 
Lake  Athabaska,  Saskatchewan,  Canada);  (2)  Paleozoic  in  Europe 
(Joachimstal,  Czechoslovakia;  and  Cornwall,  England);  and  (3)  Late 
Mesozoic  and  Tertiary  in  North  and  South  America  (Marysvale,  Utah;  antj 
Carrizal  Alto  District,  Chile). 

Structural  Guides 
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Major  zones  of  faulting,  fracturing,  and  vein  filling  form  a  princip; 
structural  guide  in  uranium  exploration.  Uranium-bearing  veins  are  foua-iiable 
along  fracture  planes  in  many  different  environments,  such  as:  (1)  felsicjjtic  bi 
intrusives;  (2)  rhyolitic  extrusives;  (3)  metasediment  ary  rocks;  (4)  quarti]  Atte 
ite;  (5)  metavolcanic  rocks;  and  (6)  arenaceous  sedimentary  rocks.  Veins 
constitute  an  important  source  of  uranium  and  a  prime  prospecting  ob 
jective. 

A  more  subtle  type  of  structural  control  has  been  noted  in  the  Edgejjfgin, 
mont  District,  South  Dakota,  where  most  ore  deposits  have  been  found  ia 
strata  the  dip  of  which-  is  less  than  5°,  particularly  at  those  places  whe;^ 
there  is  a  change  in  the  degree  of  the  dip.  The  recognition  of  terraces 
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nonoclines,  and  small  anticlinal  noses  are  important  structural  guides 
io  such  an  area. 

Mineralogic  Guides 

Uranium  is  commonly  associated  with  copper  or  vanadium  in  the  flat- 
lying  deposits  of  the  Colorado  Plateau.  Most  of  the  ores  mined  on  the 
Plateau  have  been  of  the  oxidized  vanadium-uranium  type,  with  camotite 
as  the  predominate  uranium  minerals.  Camotite  frequently  occurs  dis¬ 
seminated  in  sandstone  and,  because  of  its  bright  yellow  color,  is  visible 
at  a  distance.  Since  1950,  deeper  mining,  and  the  discovery  of  new  mines 
such  as  Mi  Vida,  has  revealed  the  presence  of  important  black  primary 
uranium  minerals.  Copper  is  associated  with  nonvanidiferous  ore  and 
occurs  in  many  secondary  minerals,  namely:  malachite,  azurite,  chal- 
canthite,  antlerite,  brochantite,  and  chrysocolla.  The  outcrops  of  copper- 
iianium  deposits  frequently  show  a  bright  blue  and  green-copper  stain, 
bright  yellow  uranium  carbonates  and  sulfates,  and  occasional  pink 
cobalt  efflorescences. 

Some  favorable  mineralogic  features  for  uranium  in  lode  deposits  are 
the  presence  of  a  gangue  predominantly  of  quartz,  especially  smoky 
quartz,  deeply  colored  fluorite,  and  an  assemblage  of  certain  metallic 
ninerals  typical  of  medium-  to  low-temperature  deposition,  such  as  the 
sulphides  or  arsenoantimonial  sulpho  compounds  of  copper,  silver, 
cobalt,  bismuth,  and  native  silver  or  bismuth. 

Trends  or  Zoning  Pattern  Guides 

Distribution  patterns  are  the  reflection  of  geologic  controls  and  form 
valuable  guides  to  prospecting,  particularly  where  the  control  is  known. 
At  Blind  River,  Ontario,  Canada,  a  pre-Cambrian  quartz  conglomerate 
containing  brannerite,  pitchblende,  and  thucholite  overlies  an  eroded 
basement  of  granite  and  gneiss.  Structural  deformation  has  resulted  in 
the  formation  of  a  syncline  to  the  north  and  an  anticline  to  the  south. 
As  a  result  of  this  deformation,  the  ore-bearing  formation  forms  a  reverse 
i-shaped  outcrop  pattern  that  has  been  traced  for  many  miles.  The 
argest  deposits  are  located  along  a  north-south  line  through  the  middle 
portion  of  the  three  limbs  of  the  S.  This  consistent  outcropping  pattern 
enabled  the  original  discoverers  to  stake  out  vast  holdings  on  a  system¬ 
atic  basis  in  advance  of  detailed  exploration. 

Attempts  have  been  made  to  establish  patterns  of  distribution  on  the 
Colorado  Plateau.  Alkalic  laccolithic  intrusives,  salt  anticlines  and 
associated  faulting,  areas  of  well-sorted  channel  deposits  interbedded 
vith  mudstones,  and  depositional  margins  of  formations  are  among  the 
geologic  features  correlated  with  the  distribution  of  uranium  deposits.^ 

Physiographic  Guides 

In  the  northern  portion  of  the  boulder  batholith  in  Montana,  uranium 
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occurs  as  lenticular  shoots  or  pods  in  siliceous  veins.  These  veins  an 
composed  mainly  of  cryptocrystalline  quartz  with  varying  amounts  of  sul¬ 
phides,  native  silver,  and  primary  and  secondary  uranium  minerals.  They 
are  sometimes  referred  to  as  siliceous  "reefs”  because  they  outcropas 
prominent  ridges  and  are  easily  recognized  on  aerial  photographs  asd 
topographic  maps.  Spur  veins  are  sometimes  prominent,  and  intersections 
of  spur  veins  with  major  veins  are  wtwthy  of  investigation. 

Uranium  deposits  in  the  Dripping  Spring  quartzite,  Gila  County,  Arizona, 
are  localized  in  the  lower  150  feet  of  the  upper  member  of  the  formation. 
The  irterval  between  110  and  140  feet  is  apparently  the  most  favaable, 
and  the  presence  of  a  ledge-forming  group  of  strata  at  this  interval  acts 
as  a  physiographic  guide,  in  that  deposits  are  commonly  located  oeai 
the  ledge. 

Many,  if  not  all  of  the  aforementioned  criteria  may  be  used  in  the  pre¬ 
liminary  stages  of  planning  that  involve  the  study  of  geologic  literature, 
aerial  photographs,  topographic  maps,  or  that  require  short,  preliminary 
reconnaissance  trips  by  air  or  motor  vehicle.  The  theoretical  spiral  of 
search  has  now  narrowed  down  to  a  manageable  area  where  local  guides 
to  ore  must  be  applied  in  the  field  in  a  systematic,  planned  program. 

In  many  areas  the  occunence  and  habit  of  possible  uranium  ore  bodies 
are  little  known,  and  local  guides  to  ore  are  few  in  number  or  generalized 
to  the  point  where  they  can  scarcely  be  considered  as  local  guides.  How¬ 
ever,  on  the  Colorado  Plateau,  numerous  guides  to  ore  that  have  been 
developed  for  various  mining  districts  may  be  applied  in  the  field.  In  the 
Uravan  mineral  belt  of  Colorado,  the  following  guides  to  possible  uranium- 
bearing  beds  have  been  developed  and  applied  successfully;^  (1)  the 
thickening  of  ore-bearing  beds  of  the  Morrison  formation  to  at  least  40 
feet;  (2)  the  presence  of  pale  to  light  yellow-brcwn-colored  sandstone 
sprinkled  with  limonite;  (3)  the  bleaching  of  mudstone  from  red  to  gray 
adjacent  to  ore-bearing  sandstone  lenses,  and  interfingering  of  mudstone 
and  sandstone  facies;  and  (4)  the  presence  of  carbonized  plant  remains 
and  paleostream  channels.  At  this  point,  a  decision  should  be  made  as 
to  vdiere  to  look  and  vdiat  to  look  for. 

Techniques 

The  understanding  and  use  of  radiation-detection  instruments  is  an 
important  consideration  in  any  discussion  of  techniques  of  prospecting 
for  luanium,  inasmuch  as  some  type  of  these  instruments  is  commonly 
used  by  a  man  on  foot  in  the  final  phase  of  exploration.  Although  radio¬ 
activity  may  be  detected  in  a  number  of  ways,  the  most  practical  instru¬ 
ments  for  prospectors'  use,  at  present,  are  Geiger  counters  and  scintil¬ 
lation  counters.  There  are  many  types  and  models  of  these  instruments, 
ranging  in  price  from  $35  to  $375  for  Geiger  counters,  and  from  $300  to 
$1000  for  scintillation  counters.  The  more  sensitive  scintillation  counter 
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reacts  to  a  greater  percentage  of  the  effective  radiation  from  uranium  and 
therefore  can  detect  smaller  changes  in  the  amount  of  radioactivity  and 
detect  radioactivity  at  a  greater  distance.  The  most  important  factors 
affecting  these  readings  are  background  count,  mass  effect,  and  the 
(tesence  of  thorium. 

A  counter  reccxds  the  normal  radioactivity  of  its  surroundingc  caused 
by  small  quantities  of  radioactive  materials  found  in  all  rocks  and  by 
cosmic  rays.  These  low  counts  are  referred  to  as  background  counts, 
and  it  is  the  increase  in  radioactivity  above  background  counts  that  is 
significant. 

Different  counter  readings  can  be  obtained  from  specimens  of  different 
sizes  having  the  same  uranium  content.  This  is  due  to  the  difference  in 
the  mass  of  the  different  specimens  and  is  termed  “mass  effect.** 

Thorium  is  a  radioactive  element,  and  it  registers,  on  most  counters, 
as  uranium  does.  It  is  sometimes  possible  to  identify  the  cause  of  radio¬ 
activity  by  mineral  identification  or  rock  type  association,  but  chemical 
tests  may  be  necessary  to  determine  the  source  of  the  radiation. 

There  is  no  instrument  that  will  readily  indicate  the  depth  and  rich¬ 
ness  of  a  radioactive  deposit.  Recordings  on  the  counter  must  be  supple¬ 
mented  by  visual  observatioi,  by  sampling,  and  by  chemical  assaying. 

A  counter  may  be  used  for  general  reconnaissance,  which  consists  of 
talking  slowly  over  a  selected  area  and  observing  any  changes  in  the 
amount  of  radioactivity.  If  an  area  of  radioactive  rock  is  discovered,  it 
is  often  helpful  to  make  a  systematic  grid  survey  of  the  area  to  obtain 
infamation  on  the  size  and  trend  of  the  radioactive  area,  and  to  deter¬ 
mine  the  intensity  of  radiation  present. 

In  addition  to  ground  reconnaissance,  a  number  of  special  uranium 
nplaation  techniques  have  been  developed.  These  are:  (1)  airborne 
radiometric  surveying;  (2)  carborne  radiometric  surveying;  (3)  geobotani- 
cal  mapping;  (4)  geochemical  soil  and  water  sampling;  (5)  seismic  and 
registivity  methods;  and  (6)  gamma-ray  drill  hole  logging. 

Airborne  radiometric  surveying  is  well  established  as  an  effective, 
rapid,  and  relatively  inexpensive  uranium  exploration  methcxl.  It  is  based 
X  the  fact  that  radiation  from  naturally  occurring  uranium  can  be  de¬ 
tected  from  the  air. 

Airborne  operations  are  most  effective  when  high-grade  exposures  are 
available  for  detection,  and  when  the  speed  and  altitude  of  the  aircraft 
are  kept  to  a  minimum. 

Two  methods  of  aerial  surveying  are  commonly  employed.  Rim  flying 
follows  the  various  stratigraphic  horizons  of  interest,  at  50  to  100  feet. 
Grid  flying,  i.e.,  following  a  systematic  grid  or  checkerboard  pattern,  is 
ased  in  areas  where  the  probabilities  are  not  well  defined.  Airborne 
anomalies  must  be  evaluated  by  ground  reconnaissance. 

Carborne  radiometric  surveying  is  a  simple  technique,  similar  to  air- 
fxnoe  reconnaissance,  in  which  anomalous  radioactivity  may  be  detected 
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from  vehicles  while  traversing  roads,  even  at  relatively  high  speeds 
Car-mounted  Geiger-Muller  tubes  have  been  used  by  the  United  States 
Geological  Survey,  but  it  is  also  possible  to  detect  radiometric  anomalies 
using  ordinary  portable  field  scintillation  counters.  Approximately  100 
to  200  miles  per  day  can  be  traversed  in  this  manner. 

Geobotanical  methods  of  uranium  exploration  are  based  on  the  effect 
of  subsurface  concentrations  of  uranium  mineralization  and  associated 
trace  elements  on  plants,  as  noted  by  (1)  the  absorption  of  uranium  « 
associated  trace  elements  within  the  plant;  (2)  the  variations  from  ncwmal 
growth  habits  and  development  of  plants;  and  (3)  the  growth  of  indicatn 
plants. 

Plants  rooted  in  uranium -bearing  ground  absorb  variable  amounts  ol 
uranium  through  their  roots  that  may  be  detected  by  photofluorimetric 
analysis.  A  concentration  of  2  p.p.m.  is  taken  to  be  indicative  of  poten  l 
tially  favorable  ground. 

Cannon^  has  observed  the  following  variations  from  normal  plant 
growth  and  development  near  uranium  mines  and  on  mine  dumps:  (1)  the 
plants  have  set  fruit  and  have  matured  early  in  the  season;  (2)  a  redden¬ 
ing  of  stem  and  seed,  and  a  yellowing  of  leaves;  (3)  the  decay  of  fine 
roots;  and  (4)  unidentified  greenish-yellow  powdery  material  deposited 
on  large  roots. 

Selenium-bearing  plants  have  been  particularly  useful  as  indicatoi 
plants  in  geobotanical  exploration. 

Geochemical  exploration  techniques  rely  on  the  detection  of  chemical 
anomalies  in  rock,  soil,  water,  and  stream  sediment.  The  significance  of 
the  acquired  data  is  centered  upon  the  distribution  pattern  of  the  element 
sought,  or  trace  elements  commonly  associated  with  it,  and  the  order  of 
magnitude  of  its  anomaly. 

In  some  areas  streams  serve  as  an  outlet  for  erosional  matter  from  the 
drainage  area,  either  in  solution  or  as  suspended  matter.  The  concen¬ 
tration  of  dissolved  uranium  or  its  daughter  products  in  natural  waters  is 
very  low,  and  special  analytical  techniques  are  required  for  its  detec¬ 
tion.  The  reliability  of  the  measureunent  of  dissolved  uranium  is  affected 
by  variations  in  the  pH  and  the  possible  presence  of  colloids,  clays,  and 
organic  matter. 

Recent  tests  suggest  that  the  presence  of  radon  in  natural  waters  may 
be  a  more  promising  parameter  than  dissolved  uranium.  The  determination 
of  radon  in  water,  as  developed  by  the  Health  and  Safety  Laboratoiy, 
New  York  Operations  Office,  United  States  Atomic  Energy  Commission. 
New  York,  N.  Y.,®  is  accomplished  by  coprecipitating  the  short-live: 
daughter  prcxlucts  of  Rn^^  with  lead  sulfide,  allowing  Radium  A  todeca; 
completely,  and  determining  the  activity  of  the  short-lived  daught^ 
products  by  alpha-counting  RaC*.  From  the  decay  curve  of  the  shor: 
lived  daughters,  the  activity  of  Rn^  and,  consequently,  the  amount  o! 
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radon  gas  at  the  time  of  separation  may  be  calculated.  Subsequently, 
the  quantity  of  radon  gas  at  the  time  of  sampling  may  be  determined  from 
a  decay  curve  of  Rn^“. 

The  possible  application  of  the  seismic  refraction  and  electric  resis¬ 
tivity  geophysical  techniques  to  uranium  exploration  has  been  the  object 
of  continuing  research.  Because  most  uranium  ore  bcxlies  are  small  and 
irregularly  shaped,  with  little  contrast  in  physical  properties  between 
the  uranium  and  the  barren  host  rock,  indirect  parameters  are  measured, 
rather  than  some  actual  property  of  uranium.  Only  limited  application  has 
been  made  of  these  techniques  in  uranium  exploration. 

Gamma-ray  logging  of  drill  holes  is  used  for  geologic  interpretation 
and  correlation  and  for  obtaining  approximate  assay  values  for  use  in 
calculating  ore  reserves.  This  technique  may  lower  drilling  costs  by  re¬ 
ducing  the  amount  of  coring  necessary. 

Evaluation 

If  unusual  radioactivity  is  di  >vered,  the  first  question  is:  “How 
good  is  it?”  Although  it  is  possible  to  make  a  mistake  because  of  vari¬ 
ations  of  the  factors  mentioned  previously,  it  is  desirable,  nevertheless, 
to  be  able  to  form  a  tentative  estimate  of  the  amount  of  uranium  present, 
subject  to  later  analysis  and  verification.  Generally  speaking,  a  reading 
of  four  to  five  times  background  would  warrant  a  closer  look  at  all  out¬ 
crops  in  the  immediate  area,  or  the  digging  of  a  shallow  trench  to  bedrock 
if  the  reading  is  on  overburden  with  no  outcrop  visible.  Thirty  to  50 
times  background  is  desirable,  but  anything  close  to  that  reading  should 
be  sampled  and  assayed  for  uranium. 

Any  readings  taken  in  a  mine  or  hole  will  be  higher  than  comparable 
readings  taken  on  the  surface,  because  the  radiation  emanates  from  four 
or  five  surfaces  rather  than  from  one.  The  radiation  instrument  should  be 
placed  as  close  as  possible  to  the  material  being  tested. 

The  interpretation  of  weathered  uranium-bearing  outcrops  with  respect 
to  what  lies  beneath  is  hampered  by  the  usual  chemical  reactions  that 
tend  to  obscure  oxidized  outcrops. 

In  a  dry  climate,  such  as  that  of  the  Colorado  Plateau,  oxidation  re¬ 
sults  in  an  increase  in  the  valence  states,  changing  uranium  from  the 
tetravalent  to  hexavalent  state  with  the  formation  of  such  secondary 
minerals  as  autunite,  torbemite,  schroeckingerite,  and  uranophane. 


I  In  places  where  climatic  conditions  do  not  generally  favor  oxidation, 
uranium  secondary  minerals  are  not  prominent,  and  the  decision  as  to  the 
possible  existence  of  significant  buried  deposits  must  rely  on  supporting 

,  I  evidence  such  as  extensive,  well-defined  structural  features,  associated 

leca  I  ' 

,  ^  I  hydrothermal  deposition,  and  intensity  of  wall  rock  alteration.  Ultimately, 
rL,..|  only  recourse  in  evaluating  an  oxidized,  promising  outcrop  may  be 
^  j  physical  exploration. 

I  By  way  of  summary,  it  is  suggested  that  three  questions  be  constantly 
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kept  in  mind  while  prospecting  and  upon  the  discovery  of  radioactive 
material.  Is  it  uranium?  Is  it  of  high  grade  or  quality?  Is  there  a  sufficient 
quantity  of  it? 
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SECTION  OF  BIOLOGY 

SYMPOSIUM  ON  SITOSTEROL 
I.  THE  EFFECTS  OF  SITOSTEROL  INGESTION 
ON  SERUM  CHOLESTEROL  CONCENTRATION* 

By  R.  E.  Shipley 

Department  of  Physiology,  Lilly  Laboratory  for  Clinical  Research, 

QeoL  F  Indianapolis  General  Hospital,  Indianapolis,  Ind. 

leral 

Sitosterol  is  something  of  a  newcomer  in  the  field  of  biology  and  medi- 
=  cine.  Although  chemists  have  isolated  sitosterol  and  characterized  its 
'ton.  I  isomers  to  some  extent,  it  was,  for  many  years,  hidden  within  the  generic 
r  conglomerate  called  phytosterols,  or  plant  sterols.  Sitosterol  is  probably 
the  most  widely  distributed  and  most  abundant  of  the  plant  sterols. 

It  is  of  interest  that  the  structure  of  sitosterol,  the  most  common  plant 
sterol,  differs  from  that  of  cholesterol,  the  most  common  animal  sterol, 
only  by  its  having  a  substituted  ethyl  group  at  the  24  carbon  in  the  side 
I  chain. 

f  The  first  significant  biological  experiment  on  plant  sterols  was  per- 
f  formed  by  R.  Schoenheimer,  *  who  reported  that,  in  experimental  animals, 
these  sterols  were  not  absorbed  and  then  converted  to'  cholesterol,  a 
I  theory  held  prior  to  1929.  After  feeding  the  animals  both  cholesterol  and 
a  phytosterol  mixture,  Schoenheimer*  also  reported  that  only  cholesterol 
I  vas  found  in  the  intestinal  lymph.  This  observation  was  consistent  with 
I  his  additional  finding  that  the  phytosterols  were  almost  quantitatively 
\  recoverable  from  the  feces,  unchanged.  It  appeared  that  the  plant  sterols 
L  were  pharmacologically  and  nutritionally  inert  when  taken  orally  by  the 
'  animal  organism. 

I  More  recently,  a  positive  effect  has  been  reported  following  the  feeding 
j  d  plant  sterols  to  animals,  but  the  effect  appears  to  be  neither  a  nutri- 
•  tional  nor  a  pharmacological  one.  In  1951,  D.  W.  Peterson^  published  his 
!  experiments  showing  that  the  simultaneous  addition  of  soybean  sterols 
i  and  cholesterol  to  the  diet  of  chicks  did  not  produce  the  rise  in  plasma 
cholesterol  that  was  obtained  when  cholesterol  alone  was  added  to  the 
diet  (figure  1).  In  a  subsequent  paper,  Peterson^  reported  a  more 
I  chronic  study  of  chicks  on  comparable  diets  followed  for  periods  up  to 
1 28  weeks.  There  was  a  marked  reduction  in  the  amount  of  atherosclerosis 
[  observed  in  aortas  of  chicks  receiving  1  per  cent  cholesterol  plus  1.3  per 
I  cent  soy  sterols,  as  compared  with  the  group  receiving  1  per  cent  choles- 
j  teiol  alone  (figure  2).  In  the  same  paper,  Peterson  also  reported  a 
comparable  influence  on  the  deposition  of  cholesterol  in  the  liver, 
i  About  the  same  time,  O.  J.  Poliak®  reported  on  the  protective  effect 
I  of  soy  sterols  in  preventing  hypercholesteremia  and  atherosclerosis  in 

I  ’This  paper,  illustrated  with  lantern  slides,  was  the  first  of  four  papers  in  a  symposium 
I  n  Sitosterol  presented  at  a  meeting  of  the  Section  on  November  14,  1955. 
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;  I  cholesterol- fed  rabbits.  As  the  ratio  of  soy  sterol  to  cholesterol  was 
I  increased,  there  was  a  progressively  greater  effect  in  preventing  hyper- 
]  cholesterem ia.  We  have  confirmed  some  of  Poliak’s  findings  in  rabbits 
(figure  3). 

We  also  observed  the  effect  of  sitosterol  in  dogs  made  hypercholes- 
teremic  by  cholesterol  feeding  and  propylthiouracil  treatment.  Two  dogs 
were  studied.  Each  weighed  approximately  10  kg.  and  each  had  received 
8gm.  of  cholesterol  in  1  gm.  of  propylthiouracil  per  day  for  nine  months 
before  the  beginning  of,  as  well  as  throughout  the  entire  experiment.  Six¬ 
teen  grams  of  beta-sitosterol  were  added  to  the  daily  diet  for  pericxls  of  two 
weeks  and  eighteen  weeks  and,  in  each  instance,  there  was  an  obvious 
reduction  of  serum  cholesterol  level  (see  intervals  between  arrows, 
FIGURE  4). 

We  were  interested  in  confirniing  Poliak’s  1952  report®  that  the  inges¬ 
tion  of  sitosterol  would  cause  a  lowering  of  the  serum  cholesterol  con¬ 
centration  in  man.  Beta-sitosterol  was  made  into  a  20  per  cent  sus- 
pnsion  in  water,  mildly  flavored,  and  administered  to  a  number  of  sub¬ 
jects  with  a  variety  of  clinical  conditions.  All  patients  had  hypercholes¬ 
teremia  with  values  of  260  mg.  per  cent  or  higher  as  determined  by 
modification  of  the  method  of  H.  Gershberg  and  J.  C.  Forbes.^ 


SERUM  CHOLESTEROL  ATHEROSCLEROSIS 
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The  subjects  were  usually  started  on  a  placebo  preparation,  1  tablf 
spoonful  just  before  each  meal.  Serum  cholesterol  determinations  were 
made  at  weekly  intervals.  Although  the  study  was  conducted  double¬ 
blind,  the  subjects  were  switched,  usually  after  four  weeks,  to  the  sitos¬ 
terol  suspension.  There  was  no  effort  made  to  control  the  diet  in  anyd 
the  subjects. 

The  total  daily  quantity  of  medication  was  divided  according  to  the 
usual  number  of  feedings  per  day  for  the  individual  patient.  The  clinical 
diagnoses  of  the  58  subjects  with  hypercholesteremia  that  we  have 
studied  in  our  clinic  include;  essential  hypertension;  intermittent  claudi¬ 
cation;  essential  and  familial  hypercholesteremia,  with  or  without 
xanthomatous  lesions;  xanthelasma;  hypometabolism;  diabetes;  priot 
coronary  occlusion  or  cerebral  vascular  accident;  and  a  number  of  hyper- 
cholesteremic  but  otherwise  clinically  healthy  subjects.  Some  of  the 
types  of  response  that  have  been  observed  during  administration  of  sitos¬ 
terol  are  presented. 

A  47-year-old,  clinically  healthy  physician  was  placed  on  placebo  foi 
four  weeks  and  then  on  sitosterol,  9  gm.  per  day  in  divided  doses  fo: 
seven  weeks  (figure  5).  There  was  a  prompt  fall  in  serum  cholesterol 
at  the  end  of  the  first  week,  and  the  average  level  remained  decreased 
for  the  duration  of  the  sitosterol  treatment  period.  The  physician  was 
switched  to  a  placebo,  and  his  cholesterol  rose.  After  returning  from 
vacation,  he  was  again  placed  on  sitosterol,  18  gm.  per  day,  but  the 
serum  cholesterol  fell  no  lower  than  it  had  previously  on  9  gm.  per  day 
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Figure  5 

The  response  to  sitosterol  observed  in  this  subject  is  regarded  as  satis¬ 
factory,  and  it  was  typical  of  that  observed  in  65  per  cent  of  our  treated 
subjects,  unselected  with  respect  to  clinical  diagnosis. 

The  subject  illustrated  in  figure  6,  a  46-year-old  hypertensive 
woman,  during  two  periods  on  sitosterol  exhibited  a  much  less  impressive 
reduction  of  cholesterol  level.  Responses  of  this  magnitude  were  ob- 
senred  in  approximately  25  per  cent  of  the  treated  group.  In  about  one 
half  of  such  cases,  a  greater  lowering  could  be  effected  by  increasing 
the  dose  of  sitosterol  to  18  or  24  gm.  per  day. 
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FIGURE  7 

The  subject  illustrated  in  figure  7,  a  64-year-old  hypercholesteremic 
woman  with  a  diagnosis  of  arteriosclerotic  heart  disease,  exhibited  no 
reduction  in  serum  cholesterol  level,  even  at  a  dose  of  18  gm.  per  day  of 
sitosterol  for  a  period  of  six  weeks.  Failure  to  observe  any  lowering  has 
been  noted  in  approximately  10  per  cent  of  our  hypercholesteremic 
patients  placed  on  this  medication. 

Figure  8  illustrates  two  different  types  of  response  observed  in  an 
overweight,  hypercholesteremic,  40-year-old  woman.  When  first  placed  on 
sitosterol,  there  was  a  slow  fall  in  serum  cholesterol  level  and  a  slov 
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I  rise  upon  taking  her  off  medication.  During  the  second  period  of  treatment, 
I  there  was  a  much  more  rapid  decrease  in  the  level.  We  have  no  explana- 
I  tion  for  the  differences  in  the  rate  of  response  observed. 

'  Figure  9  illustrates  changes  in  cholesterol  level  observed  under  con¬ 
trolled  experimental  conditions  available  on  a  metabolic  ward.  The 
I  patient,  a  73-year-old  man  with  mild  diabetes,  controlled  with  diet  and 
insulin,  was  ambulatory,  and  was  maintained  on  a  diet  consisting  of  three 
different  daily  menus,  essentially  identical  with  respect  to  carbohydrate, 
protein,  fat,  and  cholesterol  content.  The  three  menus  were  rotated  in  the 
same  order  throughout  the  period  of  study.  The  daily  exogenous  choles¬ 
terol  intake  was  calculated  to  be  approximately  750  mg.  Fasting  bloods 
were  drawn  for  cholesterol  determination  every  third  day. 

Although  having  only  a  mild  degree  of  hypercholesteremia,  his  level 
decreased  with  9  gm.  of  sitosterol  per  day  and,  when  switched  back  to 
placebo,  his  level  returned  to,  and  slightly  above,  the  pretreatment 
average.  One  gram  of  sitosterol  three  times  daily,  just  before  meals, 
caused  a  definite  decrease  in  serum  cholesterol,  but  to  a  lesser  degree 
than  when  3  gm.  three  times  daily  were  given. 

We  have  not  attempted  any  systematic  study  of  dose- response  relation¬ 
ship.  In  general,  9  gm.  of  sitosterol  has  been  found  to  be  the  usual  ef¬ 
fective  dose.  Since  no  signs  of  toxicity  have  been  observed,  we  have 
increased  the  dosage  to  18,  24,  30,  or  more  grams  of  sitosterol  per  day, 
or  until  maximal  lowering  of  serum  cholesterol  has  been  achieved. 

The  clinical  results  we  have  observed  are  comparable  to  those  re¬ 
ported  by  four  other  investigators*’®’ *®’**’'^  who  conducted  similar  double¬ 
blind  studies  using  the  same  preparations. 
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The  degree  to  which  the  atherogenic  process  in  man  may  be  modified 
by  chronic  administration  of  sitosterol  can  be  decided  only  after  vet; 
extensive  clinical  investigation. 
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II.  CLINICAL  EXPERIENCE  WITH  “SITOSTEROLS”* 

By  Charles  F.  Wilkinson,  Jr.,  Raymond  S.  Jackson, 
Richard  C.  Bozian,  Martin  R.  Benjamin,**  Arthur  H.  Levere,*** 
George  Craft,  and  Norman  W.  Davidson 
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Sow  i 

evels  f  Since  the  latter  part  of  1952,  our  laboratory  has  been  interested  in  the 
j  [  reports  of  others  that  “sitosterol”  has  a  decholesterolizing  effect.  We 
6%,  i  have  tried  various  methods  of  administration  of  the  products  supplied  us 
ationj  by  pharmaceutical  houses  in  the  form  of  emulsions  and,  at  times,  have 
„),5|J  manufactured  our  own  emulsions  from  materials  either  given  us  bypharma- 
[  ceutical  houses  or,  in  one  case,  purchased  by  us. 

!  beginning  of  our  investigations,  we  conducted  our  experiments 

'  on  metabolic  wards,  doing  balance  studies  and,  for  the  large  part,  using 
■  ^  synthetic  diets.  During  this  period  of  time,  we  were  unable  to  show 
(dre-  sustained  lowering  with  the  use  of  “sitosterols.”  A  typical  example  of 
Uoi*'  these  metabolic  ward  experiments,  along  with  a  diagram  of  the  experi- 
mental  design,  is  shown  in  figures  1  and  2.  These  results  have  been 
ition.  reported  in  detail  elsewhere. 

At  other  times,  we  have  followed  patients  on  an  ambulatory  basis  and 

'stion 

Sci.  j  have  given  them  as  much  “sitosterol”  as  they  could  tolerate,  either  from 
I  the  point  of  view  ot  satiety,  loss  of  appetite,  gastrointestinal  cramps,  or 
I  diarrhea.  We  have  never  been  able  to  give  more  than  25  gm.  per  day  of  any 
'  preparation  of  “sitosterol”  used  for  any  prolonged  length  of  time.  Again, 

I  with  prolonged  administration  of  “sitosterol”  to  patients  in  an  ambula¬ 
tory  state,  we  have  been  unable  to  achieve  sustained  reductions  in  the 
levels  of  their  blood  cholesterol.  Because  of  the  reports  of  its  effective¬ 
ness  by  others,  we  have  attempted  to  find  how  our  experimental  method 
has  differed  from  theirs  and  whether  these  discrepancies  could  be  rec- 

Ionciled. 

Our  selection  of  cases  has  been  different  from  that  of  some  investiga¬ 
tors.  We  have  not  included  cases  of  familial  hyperlipemia  in  our  group, 
as  we  feel  we  have  a  good  regimen  of  treatment  with  spaced  fat  feedings 
I  that  time  does  not  permit  us  to  discuss  here.  Neither  have  we  treated 
[  cases  of  hypercholesterolemia  secondary  to  nephrosis  as,  here  again,  we 

I  ’This  is  an  abstract  of  the  second  of  four  papers,  illustrated  with  lantern  slides,  in  a 
•ymposiuni  on  Sitosterol  presented  at  a  meeting  of  the  Section  on  November  14,  1955. 

Funds  for  this  research  were  furnished  by  the  Lillia  Babbitt  Hyde  Foundation, 
New  York,  N.  Y. 

I  ••Lillia  Babbitt  Hyde  Fellow  1953-1954. 

I  •••Lillia  Babbitt  Hyde  Fellow  1954-1955. 
f  ^Lillia  Babbitt  Hyde  Fellow  1955-1956. 
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FIGURE  1.  Diagram  showing  the  experimental  periods  used. 


feel  the  dietary  £^proach  is  adequate.  We  have  not  included  cases  of 
diabetes  mellitus,  biliary  cirrhosis,  or  hypothyroidism.  Our  cases  have 
been  patients  with  either  clinical  evidence  of  atherosclerosis,  such  as 
angina  pectoris,  cerebral  thrombosis,  or  myocardial  infarction,  or  patients 
with  essential  familial  hypercholesterolemia  with  or  without  clinical 
evidence  of  atherosclerosis.  It  is  possible,  of  course,  that  this  selection 
of  cases  would  account  for  some  of  the  discrepancies  in  the  reported 
effectiveness  of  “sitosterol.” 

There  are  also  certain  other  factors  that  conceivably  could  account 
for  the  discrepancies.  For  this  reason,  we  have  examined  various  “si¬ 
tosterols”  as  to  their  melting  points  and  infrared  absorption  peaks.  We 
have  found  that  these  preparations  differ  from  each  other,  depending  on 
their  source.  Also,  they  may  differ  from  time  to  time,  even  though  the 
source  is  reputedly  kept  constant. 

We  also  feel  that  another  reason  for  these  discrepancies  may  be  the 
wide  fluctuations  that  occur  in  serum  cholesterol  over  long  periods  of 
time  that  are  unpredictable.  In  a  typical  case  in  which  we  had  a  control 
value  over  a  two-year  period  of  time,  and  then  a  “sitosterol”  administra¬ 
tion  period  of  four  months,  the  mean  of  the  control  period  was  272  mg. 
per  cent  against  the  mean  during  the  “sitosterol”  period  of  258  mg.  per 
cent.  However,  there  were  periods,  during  the  control  period,  of  equal 
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I  length  to  the  period  of  “sitosterol”  administration,  where  we  could  show 
I  a  mean  cholesterol  value  of  303  mg.  per  cent  as  well  as  241  mg.  per 
I  cent  (figure  3).  We,  as  well  as  others,  have  found  wide  and  apparently 
unpredictable  fluctuations  in  hypercholesterolemic  individuals  and  in 
I  patients  surviving  myocardial  infarction.  While  data  may  be  analyzed  to 
[  show  statistical  significance,  it  is  our  feeling  that  this  type  of  data  does 
I  not  lend  itself  to  this  type  of  analysis.  We  feel  that  these  fluctuations 
^  present  a  hazard  in  the  study  of  serum  cholesterol-lowering  agents  even 
■  when  control  periods  exceed  one  year  in  duration.  If  results  are  to  be 

1  ascribed  to  therapy,  they  must  be  clearly  beyond  natural  variations. 

These  data,  showing  melting-point  and  infrared  absorption  variations, 
and  cases  illustrating  the  wide  fluctuations  in  blood  cholesterol  level, 

I  have  been  presented  by  us.^  The  entire  mass  of  data  is  now  being  pre- 
I  pared  for  publication. 
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Figure  3.  Control  period  is  shown  on  the  left.  Period  of  “sitosterol"  ad¬ 
ministration  is  shown  on  the  right.  The  three  broken  lines  through  the  control 
period  represent  the  means  referred  to  in  the  text,  as  the  broken  line  through  the 
"sitosterol”  period  represents  the  mean  of  this  period. 

resulted  in  no  decrease  in  serum  cholesterol  levels  that  we  could  con¬ 
fidently  attribute  to  medication. 
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III.  THE  PHYSICAL  CHEMISTRY  OF  CHOLESTEROL  AND 
/fl-SITOSTEROL  RELATED  TO  THE  INTESTINAL 
ABSORPTION  OF  CHOLESTEROL* 

By  William  W.  Davis** 

Physicochemical  Research  Division,  Lilly  Research  Laboratories, 
Indianapolis,  Ind. 


Sterols  are  perhaps  the  most  water-insoluble  nonsaponifiable  substances 
commonly  occurring  in  biological  systems.  They  are,  in  fact,  so  insoluble 
in  water  (less  than  0.1  pg.  per  liter)  that  no  more  than  10,  and  perhaps 
less  than  1  pg.  of  cholesterol  could  be  dissolved  in  the  water  contained 
in  the  body  of  a  large  man.  This  emphasizes  the  fact  that  the  many  grams 
of  cholesterol  in  a  man’s  body  must  be  handled  by  processes  of  colloidal 
dispersion.  In  the  tissues  and  blood,  sterols,  almost  universally,  are 
associated  intimately  with  fatty  acids,  phosphatides,  and  proteins.  In 
the  intestine,  the  significant  association  would  appear  to  be  with  fatty 
acids  and  bile  salts,  and  not  with  proteins. 

Either  an  organic  solvent  or  a  colloidal  dispersing  agent  becomes 
saturated  with  sterol  at  a  concentration  of  sterol  characteristic  of  the 
crystal  present  at  equilibrium.  Thus,  of  two  sterols,  ^-sitosterol  and 
cholesterol,  the  crystals  of  sitosterol  have  solubility  of  2  mg. /ml.  in 
methyl  alcohol  at  25°  C.,  while  cholesterol  has  a  solubility  of  6  mg. /ml. 
Since  there  is  very  little  difference  in  the  molecular  structures  and  in 
the  affinities  of  methyl  alcohol  for  these  nearly  identical  solute  mole¬ 
cules,  the  difference  in  solubility  appears  to  be  due  to  differences  in 
the  lattice  energy  of  the  two  crystals. 

In  the  same  way,  the  different  colloidal  dispersibility  of  closely  re- 
I  lated  sterols  in  aqueous  systems  appears  to  involve  mainly  the  distinc- 
1  tion  between  lattice  energies.  Thus,  just  as  sitosterol  is  less  soluble  in 
f  methyl  alcohol  than  is  cholesterol,  it  should  also  be  less  dispersible  in 
sodium  oleate  or  other  similar  colloidal  systems.  A  comparison  of  crys- 

i=  tallographic  and  physical  properties  of  the  crystals  of  different  sterols 
is  available  in  an  extensive  study  by  J,  D.  Bernal,  D.  Crowfoot,  and 
I.  Fankuchen.  * 

>  Without  regard  to  the  exact  nature  of  the  processes  that  act  on  choles- 
[  terol  in  its  passage  through  the  intestinal  wall,  one  must  consider  the 
1  colloidal  dispersion  of  cholesterol  or  other  sterol  as  a  necessary  “first 
step’’  or  “preliminary’’  to  absorption.  Thus,  for  instance,  both  fatty  acid 
salts,  and  bile  salts  are  necessary  in  the  intestine  for  the  absorption  of 
I  cholesterol  and,  conversely,  cholesterol  facilitates  the  absorption  of 

i*This  paper,  illustrated  with  lantern  slides,  was  the  third  of  four  papers  in  a  symposi- 
inn  on  Sitosterol  presented  at  a  meeting  of  the  Section  on  November  14,  1955. 

**The  idea  expressed  in  this  paper  is  based  on  experimental  work  of  a  number  of  my 
Mtociates,  particularly  Richard  J.  Herberg,  David  W.  Dennen,  Ralph  R.  Pfeiffer,  and 
Leland  G,  Howard. 
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fatty  acids.  These  are  precisely  the  requirements  for:  (1)  optimal  colloidal 
dispersion;  and  (2)  enzymatic  action  such  as  cholesterol  ester  synthesis. 
It  is  to  be  explicitly  pointed  out  that  the  dispersion  of  a  sterol  by  soaps 
and  bile  salts  is  not  a  unilateral  action.  The  sterol,  in  turn,  facilitates 
the  optimal  dispersion  of  the  “dispersing  agent.”  Thus,  colloidal  dis¬ 
persion  of  oleate  and  cholate  salts  at  pH  7.0  is  obtained  in  the  presence 
of  cholesterol  and  not  in  its  absence.  Any  influence  that  limits  the 
colloidal  cholesterol  “load”  in  the  intestine  must  limit  the  rate  or  extent 
to  which  the  cholesterol  is  carried  into  the  absorption  process. 

Such  an  effect  of  ^-sitosterol  in  reducing  the  dispersibility  of  choles¬ 
terol  by  dispersing  agents  is  proposed  as  the  chief  influence  by  which  it 
reduces  the  intestinal  absorption  of  cholesterol.  The  physical  basis  and 
measure  of  this  effect  have  been  studied. 

Solubility  analysis  curves  have  been  made  for  cholesterol,  j8- sitosterol, 
and  an  approximately  equal  mixture  by  weight  of  the  two  in  methyl  alcohol. 
Figure  1  shows  the  data  obtained  and  indicates  by  the  line  T  the 
course  of  the  curve  to  be  expected  if  the  two  sterols  crystallized  sepa¬ 
rately.  These  data  must  be  interpreted  as  indicating  the  mixture  to  repre¬ 
sent  a  small  excess  of  cholesterol  over  equivalence  with  sitosterol,  to 
show  the  formation  of  a  1:1  mixed  crystal  complex,  and  to  give  a  value 
for  its  solubility  of  2.4  mg./ml.  in  this  solvent. 

When  the  solid  from  this  experiment  was  examined  by  X-ray  diffraction, 
it  was  clearly  shown  that  a  new  crystal  had  formed  with  structure  quite 
different  from  cholesterol  or  /3-sitosterol.  This  comparison  of  patterns  is 
shown  in  figure  2.  When  /3-sitosterol  and  cholesterol  are  melted  to- 
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Figure  1.  Solubility  analysis  curves  for  C(0)  =  cholesterol,  S((J1)  = /3-sitos¬ 
terol,  and  M(x)  =  an  approximately  1:1  mixture  of  these  in  absolute  methyl  alco¬ 
hol  at  25°  C.  equilibrated  from  8  to  28  days.  The  section  marked  T  represents 
the  expected  course  of  the  curve  if  these  sterols  crystallize  independently. 
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FIGURE  2.  X>ray  powder  diffraction  patterns  for  cholesterol,  sitosterol,  and 
mixed  crystal  complex  obtained  from  the  experiment  pictured  in  FIGURE  1.  The 
distinct  individuality  of  the  mixed  crystal  is  shown. 

gether  in  approximately  equal  amounts,  the  1:1  crystal  complex  is  also 
obtained.  This  result  has  many  precedents  as,  for  instance,  the  1:1  mixed 
crystal  complex  obtained  when  epicholestanol  and  )S-cholestanol  are 
crystallized  from  their  mixtures. 

A  further  experiment  was  performed  in  which  tritium-laljeled  choles¬ 
terol  was  equilibrated  for  two  days  with  methanol  in  the  presence  and  in 
the  absence  of  slight  excess  of  other  sterols;  namely,  j8-sitosterol, 
/3-cholestanol,  or  stigmasterol.  Table  1  shows  that  the  concentration 
of  cholesterol  in  the  solution  was  considerably  reduced  below  that  in 
contact  with  pure  cholesterol.  The  reduction  is  quantitatively  not  as 

Table  1 


Weight  cholesterol 

Weight  cholesterol  mg.  Weight  other  sterol  mg.  in  solution  mg. 

Volume  methanol  ml.  Volume  methanol  ml.  Volume  solution  ml. 
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great  as  predicted,  however,  and  further  work  is  being  done  with  other  * 
ratios  of  sterols  and  longer  times  of  equilibration.  [ 

The  ability  of  sodium  oleate  to  bring  cholesterol  into  colloidal  dis¬ 
persion  (to  solubilize  cholesterol)  is  well  known,  and  the  role  of  oleate 
and  bile  salts  to  solubilize  insoluble  lipids  in  the  intestine  is  generally  { 
accepted.  Accordingly,  the  colloidal  dispersion  (solubilization)  of  choles¬ 
terol,  /3-sitosterol,  and  mixtures  was  studied  in  sodium  oleate,  sodium 
cholate,  and  mixtures  of  these.  These  are  regarded  as  significant  because  I 
it  is  well  known  that,  when  sterols  are  solubilized  by  these  agents,  the 
system  permits  such  actions  in  vitro  as  enzymatic  synthesis  of  choles¬ 
terol  esters  by  cholesterol  esterase. 

No  established  method  is  known  for  reliable  quantitative  determination 
of  the  extent  of  solubilization  of  a  solid  such  as  cholesterol.  According-  ! 
ly,  a  prolonged  effort  has  been  directed  at  devising  such  a  method.  This  I' 
has  been  achieved  by  modification  of  a  nephelometric  method  described 
by  W.  W.  Davis  and  T.  V.  Parke,  Jr.*  This  method  is  described  here  be-  | 
cause  it  is  believed  to  have  general  usefulness.  ! 

The  procedure  comprises  making  a  fine  (but  not  colloidal)  suspension  f 
of  the  water-insoluble  solid  such  as  cholesterol  and  adding  this  in  in¬ 
creasing  amounts  to  the  solubilizing  system.  The  mixtures  are  then 
shaken  and  allowed  to  remain  in  contact  for  one  hour  or  more,  and  the 
light  scattering  of  the  successive  tubes  is  measured  and  plotted  against 
the  amount  of  cholesterol  added.  Up  to  the  amount  of  cholesterol  that 
can  be  taken  in  toto  into  mixed  micelles  with  the  dispersing  agent,  the  j 
rise  in  light  scattering  is  slow.  In  those  tubes  where  a  greater  amount  of  t 
cholesterol  than  this  is  added,  there  is  a  progressive  rise  in  light  scat-  I 
tering  as  the  amount  of  cholesterol  left  over  increases.  The  position  of 
the  break  in  the  curve  of  light  scattering  versus  amount  of  cholesterol 
indicates  the  capacity  of  the  system  to  solubilize  the  sterol  in  question.  | 

The  preparation  of  stable,  fine  suspension  of  sterol  in  water  is  ac-  | 
complished  by  injecting  an  acetone  solution  slowly,  with  swirling,  into 
a  very  dilute  solution  of  sodium  oleate.  The  acetone  is  then  distilled 
off  under  vacuum,  and  the  volume  of  the  suspension  readjusted  by  adding 
water. 

Figure  3  shows  typical  results  of  such  an  experiment.  Curve  A  [ 
shows,  for  comparison,  the  effect  of  increasing  the  concentration  of 
cholesterol  by  adding  increasing  amounts  of  cholesterol  suspension  to 
buffer  containing  no  sodium  oleate.  Curves  D  and  E  show  results  of 
adding  cholesterol  suspension  in  increasing  amounts  to  0.067  mg./ml. 
sodium  oleate.  The  cholesterol  suspension  contained  a  trace  of  oleate 
in  curve  E  and  none  in  curve  D.  While  the  slopes  differ,  the  two  experi-  ■ 
ments  indicate  the  same  amount  of  cholesterol  solubilized.  Curve  B 
shows  the  amount  of  /3-sitosterol  solubilized,  while  curve  C  shows  the 
amount  of  total  sterol  solubilized  from  a  1:1  mixture  of  suspended  choles¬ 
terol  and  suspended  /3-sitosterol.  The  solubilization  of  /3-sitosterol  is 

_ _  ^ 
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approximately  one  third  as  great  as  that  of  cholesterol,  and  the  amount 
of  1:1  mixture  solubilized  is,  in  turn,  just  greater  than  the  solubilization 
of  /3-sitosterol.  This  agrees  well  with  the  results  obtained  from  methyl 
alcohol  solubility. 

It  is  also  to  be  noted  that  this  experiment,  in  which  the  separate  sus¬ 
pensions  were  employed,  indicates  equilibration  between  the  two  sterols, 
presumably  to  form  the  mixed  crystal. 


STEROL  CONCENTRATION  MG  /  ML 

Figure  3.  Solubilization  curves  for; 

A.  Cholesterol  suspension  added  to  buffer  pH  9.0. 

B.  j8-sitosterol  suspension  added  to  .067  mg. /ml.  oleate. 

C.  /8-sitosterol  +  cholesterol  suspension  added  to  .067  mg./ml.  oleate. 

D.  Cholesterol  suspension  (without  trace  of  oleate)  added  to  .067  mg./ml. 
ate. 

E.  Cholesterol  suspension  (with  trace  of  oleate)  added  to  .067  mg./ml. 
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The  solubilization  of  cholesterol  by  sodium  oleate  is  not  greatly  en¬ 
hanced  at  pH  9.0  by  sodium  cholate;  nor  does  sodium  cholate  have  any 
solubilizing  capacity  alone  for  cholesterol  at  pH  9.0.  At  pH  6  to  7, 
however,  sodium  oleate  and  cholesterol  are  not  mutually  dispersed,  but 
become  well  dispersed  in  the  presence  of  sodium  cholate.  Further  studies 
are  being  directed  at  this  colloidal  system  about  neutrality  which  re¬ 
sembles  more  closely  the  physiological  system. 

If  the  conversion  of  cholesterol  in  the  intestine  to  a  less  dispersible 
form  by  the  formation  of  a  mixed  crystal  complex  with  sitosterol  is,  in 
reality,  the  primary  mechanism  by  which  cholesterol  absorption  is  re¬ 
duced,  then  numerous  implications  exist  for  the  factors  that  should  in¬ 
fluence  the  effectiveness  of  sitosterol  or  other  sterols  in  reducing  the 
intestinal  absorption  of  cholesterol. 

First,  it  would  be  obvious  that  the  most  uniform  and  intimate  mixture 
of  the  sitosterol  with  the  cholesterol-laden  food  should  be  important. 
Also,  a  total  and  local  excess  of  sitosterol  over  the  content  of  choles¬ 
terol  in  the  intestine  should  be  necessary  for  maximum  efficiency.  This 
appears  to  be  consistent  with  clinical  experience. 

Second,  it  would  appear  of  advantage  to  have  the  sitosterol  in  the 
finest  possible  state  of  subdivision.  This  also  is  in  keeping  with  pre¬ 
liminary  indications  from  these  laboratories. 

Third,  it  should  be  possible,  by  proper  modification  of  the  kind  or 
amount  of  fat  or  fatty  acid  intake  or  of  other  dietary  factors  that  could 
influence  colloidal  dispersion  of  sterols,  to  modify  the  effectiveness  of 
sitosterol.  Experience  in  this  direction  is  inadequate  for  conclusions. 

Fourth,  a  number  of  other  sterols  has  been  found  to  reduce  the  solu¬ 
bility  and  dispersibility  of  cholesterol  and  has  been  reported  to  be  ef¬ 
fective  in  reducing  the  intestinal  absorption  of  cholesterol.  .Much  more 
experience  will  be  necessary  to  draw  any  significant  correlations. 

Fifth,  where  cholesterol  is  involved  in  a  directly  observable  and 
measurable  biochemical  process,  such  as  intestinal  absorption  or  enzy¬ 
matic  esterification,  it  is  becoming  evident  that  other  sterols  than  choles¬ 
terol  can  be  handled  in  a  qualitatively  similar  manner,  but  often  at  very 
different  rates  or  to  different  extents.  This  comparison  should  not  be 
extended  to  major  structural  or  configurational  dissimilarities  as  between 
epi  and  alio  isomers.  This  impression  is  based  in  part  on  unpublished 
information  resulting  from  the  work  of  M.  Korzenovsky  of  these  labora¬ 
tories.  This  conclusion  implies  a  limited  enzymatic  specificity  in  such 
lipid-handling  systems,  and  it  supports  the  contention  of  the  primary 
importance  of  colloid  physical  factors  for  such  biochemical  handling  of 
sterols  and  lipids. 
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IV.  ABSORBABILITY  OF  BETA-SITOSTEROL* 
By  R.  Gordon  Gould 

Health  Division,  Los  Alamos  Scientific  Laboratory, 
University  of  California,  Los  Alamos,  N.  M. 


Investigations  on  the  absorbability  of  various  sterols  carried  out  by 
Schoenheimer  *  and  others,  about  25  years  ago,  demonstrated  conclusive¬ 
ly  that  even  long-continued  feeding  of  sitosterols  to  rats,  mice,  guinea 
pigs,  cats,  and  dogs  did  not  produce  a  significant  increase  in  liver  sterol 
concentration.  Schoenheimer  stated  that  the  results  of  his  studies,  while 
most  readily  explained  by  failure  of  the  animals  to  absorb  sitosterol, 
could  possibly  be  explained  by  absorption  followed  by  rapid  excretion  or 
breakdown.  Nevertheless,  it  has  become  generally  accepted  that  plant 
sterols  are  absorbed  not  at  all  or  only  in  trace  amounts. 

The  present  interest  in  sitosterols  as  antihypercholesterolemic  agents, 
as  evidenced  by  the  symposium  at  which  this  paper  was  presented, 
prompts  us  to  inquire  if  any  absorption  of  sitosterols  occurs  and,  if  so, 
what  are  the  metabolic  effects  and  fate  of  the  absorbed  sitosterol.  Be¬ 
cause  of  the  species  differences  in  certain  aspects  of  sterol  metabolism, 
it  is  also  of  interest  to  have  direct  information  on  sitosterol  absorption 
in  man.  We  have  reinvestigated  this  question  using  the  radioactive  tracer 
method,  which  is  more  direct  and  far  more  sensitive  than  any  methods 
available  at  the  time  of  the  earlier  studies  on  absorbability.  We  have 
used  both  commercial  sitosterol  and  the  pure  beta  component,  but  princi¬ 
pally  the  latter,  because  of  the  many  advantages  of  working  with  a  single, 
pure  compound.  Beta- sitosterol  is  the  main  constituent  of  commercial 
sitosterol,  and  almost  the  only  constituent  of  some  preparations,  as  other 
papers  in  this  group  have  mentioned. 

Pure  /3-sitosterol**  was  labeled  with  tritium  (radioactive  hydrogen, 
denoted  as  T)  by  exchange  with  high  specific  activity  tritium  water 
(THO).  The  location  of  the  T  atoms  in  the  /3-sitosterol  molecule  have  not 
been  established,  but  they  are  presumed  to  be  in  the  same  positions  as  in 
cholesterol,  i.e.,  on  Cg  and  Cjs,  and,  possibly,  in  other  positions  as 
well.  T-/3-sitosterol  preparations  with  specific  activity  values  as  high 
as  20  /ic.  per  mg.  were  used  in  these  studies. 

Radioassay  of  the  sterol  fractions  isolated  from  blood,  liver,  and  other 
tissues,  after  feeding  T-/8-sitosterol  to  rats  and  to  humans,  has  invariably 
shown  the  presence  of  tritium-labeled  sterols.^' This  establishes 

*Thii  work  was  done  under  the  auspices  of  the  United  States  Atomic  Energy  Com- 
nUtiion,  Washington,  D.  C. 

**This  material  was  generously  supplied  by  Eli  Lilly  and  Company,  Indianapolis,  Ind. 
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beyond  any  reasonable  doubt  that  some  absorption  of  /3-sitosterol  occurs.* 

The  important  aspect  of  sitosterol  absorbability  is  the  quantitative 
one:  How  much  absorption  occurs?  Absorbability  depends  on  conditions, 
but  it  can  be  stated  as  a  generalization  that  the  efficiency  of  absorption 
was  much  less  than  for  cholesterol  and,  under  most  circumstances,  was 
about  10  per  cent  as  large.  In  all  the  animal  experiments,  T-cholesterol 
was  fed  in  the  same  amount  to  control  animals  so  that  the  absorption  of 
T-/S-sitosterol  could  be  expressed  in  relation  to  that  of  cholesterol,  as 
well  as  in  absolute  terms. 

Maximum  absorption  of  /3-sitosterol  was  observed  when  a  single  small 
dose  was  fed.  For  example,  10  mg.  of  T-/3-sitosterol  were  dissolved  in 
1  ml.  of  corn  oil  and  mixed  with  10  gm.  of  a  commercial  fat-free  rat  diet. 
This  compound  was  fed  to  each  of  a  group  of  12  rats.  Half  of  the  animals 
were  sacrificed  one  day  and  the  other  half  three  days  after  they  had 
finished  eating  the  labeled  diet.  The  total  absorption  was  found  to  be 
about  8  per  cent  of  the  dose  fed  to  both  groups,  as  compared  with  40  to 
50  per  cent  absorption  of  T-cholesterol  fed  under  the  same  conditions. 

The  T-sterol  (or  sterols)  present  in  tissues  after  T-/3-sitosterol  feed¬ 
ing  appears  to  be  separable  from  cholesterol  by  repeated  purification 
through  the  crystalline  cholesterol  dibromide.  This  finding  agrees  with 
the  accepted  belief  that  /3-sitosterol  cannot  be  converted  into  choles¬ 
terol  in  the  animal  organism.  Whether  T-sterol  is  present  in  tissues  as 
/3-sitosterol  has  not  been  established  but,  in  the  absence  of  evidence 
of  metabolic  conversion  to  other  sterol  or  non  saponifiable  materials  in 
the  body,  it  will  be  assumed  in  this  paper  that  the  T-sterol  present  in 
tissues  is  T-/3-sitosterol. 

Distribution  of  T-/3-sitosterol  among  the  tissues  studied  was  similar 
to  that  of  T-cholesterol.  In  the  experiments  mentioned  above,  the  blood 
contained  about  1  per  cent  of  the  dose  fed,  the  liver  1  to  2  per  cent,  the 
gastrointestinal  tract  about  2  per  cent,  and  the  residual  carcass  4  to  6 
per  cent. 

When  the  rats  were  kept  for  8  or  16  days  on  stock  diets  after  having 
been  fed  T-/3-sitosterol  or  T-cholesterol,  it  was  observed  that  /3-sitos¬ 
terol  disappeared  more  rapidly  than  cholesterol.  Only  about  1  per  cent 
of  the  dose  fed  could  be  recovered  from  the  T-/3-sitosterol-fed  rats  as 
compared  with  10  per  cent  from  those  fed  T-cholesterol. 

Continuous  feeding  at  levels  of  0.1  per  cent  of  the  diet  for  8  or  16 
days  gave  a  recovery  of  about  3  to  4  per  cent  of  the  total  amount  fed  in 
the  case  of  T-/3-sitosterol  and  about  35  per  cent  in  the  case  of  T-choles¬ 
terol,  showing  cholesterol  absorption  to  be  about  10  times  as  efficient 
as  that  of  /3-sitosterol  under  these  conditions.  When  the  dietary  level  of 

*A11  sterol  samples  were  counted  in  a  liquid  scintillation  counter.  The  sterol  was 
purified  through  the  digitonide  and,  in  some  cases,  through  the  dibroi^de  as  well,  and  was 
dissolved  in  toluene  and  counted  directly  as  described  previously.^  The  counting  rates 
observed  in  these  experiments  were  usually  in  a  range  of  5,000  to  50,000  c./m.  over  a 
background  of  about  100«  leaving  no  doubt  as  to  the  significance  of  the  counting  rates. 
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T-j3-sitosterol  was  increased  to  0.5  and  5.0  per  cent,  the  absorption  of 
the  total  amount  fed  fell  to  0.7  and  0.11  per  cent,  respectively,  indicating 
that  the  efficiency  of  absorption  falls  off  rapidly  as  the  size  of  the  dose 
is  increased. 

Comparison  of  the  specific  activity  of  the  T-sterol  fed  with  that  iso¬ 
lated  from  liver  or  other  tissue  provides  an  estimate  of  the  fraction  of 
tissue  cholesterol  that  has  been  replaced  by  dietary  sterol.  T-cholesterol, 
when  fed  for  16  days  at  a  level  of  0.5  per  cent  of  the  diet,  replaced  one 
half  of  the  liver  cholesterol  and  about  one  quarter  of  residual  carcass 
sterol.  T-/3-sitosterol,  at  the  same  level  in  the  diet,  replaced  only  7  per 
cent  of  liver  cholesterol  and  3.5  per  cent  of  carcass  sterol.  Even  when 
fed  at  a  level  of  5  per  cent  of  the  diet  for  16  days,  it  replaced  less  than 
8  per  cent  of  liver  and  7  per  cent  of  carcass  sterol,  suggesting  that  the 
8  per  cent  replacement  value  may  be  the  maximum  attained  under  any 
conditions. 

The  finding  that  some  /3-sitosterol  is  absorbed  raises  the  question  as 
to  whether  its  effect  in  decreasing  plasma  cholesterol  levels  might  be 
brought  about  by  an  effect  on  the  rate  of  hepatic  cholesterol  synthesis, 
life  have  investigated  this  question  by  feeding  sitosterol  for  five  days  or 
longer  and  then  determining  the  relative  amounts  of  incorporation  of  C 
acetate  into  hepatic  cholesterol  in  control  and  sitosterol-fed  rats.  No 
effect  has  been  noted.  In  table  1  are  given  the  results  of  an  experiment 
in  which  a  double  isotopic  tracer  technique  was  employed.  T-/3-sitosterol 
was  fed  for  five  days  to  determine  its  absorption  as  well  as  the  extent 
of  replacement  of  liver  and  intestine  cholesterol  by  T-/3-sitosterol.  In 
addition,  -acetate  was  injected  four  hours  before  the  animals  were 
sacrificed,  and  the  sterol  fractions  isolated  from  liver  and  intestine  were 


Table  1 


The  absorption  of  /3-Sitosterol  and  Its 
EFFECT  ON  Cholesterol  Synthesis 


Cholesterol  concentration,  control  2.18  mg./gm.  1.76  mg./gtn. 

j  Cholesterol  concentration,  sitosterol-fed  2.03  mg./gtn.  1.98  mg./gm. 

*  T-specific  activity  of  sterol  fraction 

(T-/3-sitosterol-fed  rats)  5,880  d./m./mg.  12,000  d./m./mg. 

^  Replacement  of  tissue  cholesterol  by 

T-/3-sitosterol  2.4%  6.9% 

r  C“.specific  activity  of  sterol  fraction 
i  (Relative  rate  of  cholesterol  synthesis) 

j  Controls  8,500  d. /m./mg.  10,500  d./m./mg. 

f  Sitosterol-fed  '  9,350  8,850 


•  .. _ 
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Figure  1.  Mean  specific  activity  values  for  plasma  free,  plasma  esterified, 
and  erythrocyte  free  sterol  fractions  for  five  normal  male  subjects  given  1  me.  of 
T-y3-sitosterol.  Dotted  line  gives  the  plasma  free  values  for  one  of  these  individ¬ 
uals  given  0.1  me.  of  T-cholesterol. 

analyzed  for  both  and  T  in  the  liquid  scintillation  counter.*  It  is 

apparent  from  table  1  that  there  was  no  appreciable  effect  on  C*^- 
uptake  into  liver  cholesterol  due  to  yS-sitosterol  feeding,  in  spite  of  the 
fact  that  2  to  4  per  cent  of  liver  cholesterol  had  been  replaced. 

Absorbability  of  jS-sitosterol  in  humans  has  been  studied  in  normal 
adults  and  in  terminal  patients.  In  one  experiment,  five  normal  males  were 
each  fed  1  me.  of  T-jS- sitosterol  (about  50  mg.)  dissolved  in  olive  oil. 
Blood  samples  were  taken  after  one,  two,  three,  and  eight  days,  and  the 
plasma  free  and  esterified,  and  red  cell  cholesterol  fractions  isolated. 
The  mean  specific  activity  values  are  plotted  on  a  log  scale  against 
time  in  figure  1  for  all  three  fractions. 

The  plasma  free  curve  showed  a  peak  value  on  the  first  day,  followed 
by  a  rapid  rate  of  fall  (with  a  half-time  of  about  2.5  days),  during  the 

*Thls  can  be  achieved  readily  by  counting  the  same  sample  at  two  settings  of  the 
pulse  height  discriminators,  the  pulse  amplifier  gain,  or  the  high  voltage  supply  to  the 
photomultiplier  tubes. 
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I  period  from  the  first  until  at  least  the  third  or  fourth  day.  The  dotted 
I  line  gives  the  plasma  free  cholesterol  specific  activity  values  for  a 
I  separate  study  on  one  normal  human  given  T-cholesterol.  It  can  be  seen 
I  that  approximately  the  same  peak  value  was  reached  following  the  ad- 
I  ministration  of  one  tenth  the  dose,  indicating  the  absorption  of  )3-sitos- 
;  terol  in  humans  to  be  about  10  per  cent  as  complete  as  for  cholesterol. 

!  There  was  also  a  tendency  for  the  peak  value  to  be  later  and  the  rate 
I  of  fall  to  be  somewhat  slower  for  T-cholesterol  as  compared  with  T-/3- 
F  sitosterol. 

|i 

t  Figure  1  shows  that  T-/3-sitosterol  appears  in  both  the  erythrocyte 
I  and  plasma  esterified  sterol  fractions.  The  latter  finding  establishes 
the  presence  of  enzymes  capable  of  esterifying  /3-sitosterol,  contrary  to 
the  conclusions  of  earlier  work.  However,  the  specific  activity  curves 
for  the  three  fractions  do  not  approach  equality,  as  they  do  when  T- 
cholesterol  is  fed.  This  is  a  clear  indication  that  jS-sitosterol  differs 
j  from  cholesterol  in  metabolic  behavior.  The  persistent  large  difference 
I  in  specific  activity  between  plasma  free  and  erythrocyte  free  sterol 
I  fractions  shows  that  /3-sitosterol  is  not  able  to  exchange  as  freely  with 

■  erythrocyte  cholesterol  as  is  labeled,  plasma  free  cholesterol.®  The 
]  persistent  low  specific  activity  of  the  plasma-esterified  sterol  fraction 

indicates  that  esterification  is  not  as  complete  as  for  cholesterol.  This 
was  also  noted  in  rat  liver.  Rats  fed  T-/3-sitosterol  gave  only  about  25 
^  per  cent  as  high  a  specific  activity  value  for  liver-esterified  sterol  as 

I 

I  Table  2 

j!  DEPOSITION  OF  Beta-Sitosterol 

^  IN  THE  Tissues  of  a  Terminal  Patient 

t 

L  Four  and  one-half  millicuries  (10*“  d./m.)  of  tritium- labeled  beta-sitosterol 

■  were  fed  as  a  single  dose  to  a  42-year-old  woman  with  inoperable  carcinoma 
I  on  August  5,  1955.  If  completely  absorbed  and  mixed  with  100  gm.  of  body  choles- 
[  terol,  the  specific  activity  would  be  about  100,000  d./m. /mg. 


Tissue 

Days  after 
dose 

Sterol  specific  activity 
d./m./mg. 

Whole  blood 

0 

540 

Whole  blood 

3 

3,700 

Whole  blood 

4 

3,110 

Whole  blood 

5 

2,440 

Vhole  blood 

7 

1,820 

Whole  blood 

21 

995 

Whole  blood 

29 

560 

Liver 

490 

Bile 

1,430 

Coronary  artery 

180 

Aorta  (free  of  plaques) 

160 

Aorta  (containing  plaques) 

70 
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for  the  liver  free  sterol  fraction. 

Only  one  study  on  terminal  human  patients  has  been  completed.*  A 
woman  with  inoperable  carcinoma  was  fed  4.5  me.  of  T-/3-sitosterol.  The 
specific  activity  values  for  blood  sterol  samples,  obtained  at  various 
times  thereafter,  and  for  certain  tissues  obtained  at  necropsy,  are  given 
in  TABLE  2.  It  will  be  noted  that  the  terminal  blood  and  liver  values 
were  very  nearly  equal  and  that  all  the  other  tissues  had  considerably 
lower  values,  with  the  single  exception  of  bile.  The  tissue  values  show 
that  T-/3-sitosterol  can  appear  in  tissue  cells  but  that  it  does  not  appear 
to  have  a  predilection  for  any  particular  tissue.  The  high  value  for  bile 
sterol,  if  it  is  confirmed  in  subsequent  studies,  is  of  considerable  inter¬ 
est,  since  it  indicates  that  the  liver  selectively  excretes  /3-sitosterol  in 
bile.  In  other  words,  the  sterol  mixture  in  bile  appears  to  have  a  higher 
proportion  of  /3-sitosterol  than  that  in  liver  or  blood.  This  idea  is  in 
agreement  with  the  findings  of  Hanahan  and  Wakil^  with  C  ^^-ergosterol, 
and  it  would  help  to  explain  the  more  rapid  turnover  of  /3-sitosterol. 
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*The  studiea  on  terminal  patients  are  being  carried  out  In  collaboration  with  Doctor  C. 

B.  Taylor,  Presbyterian  Hospital,  Chicago,  Ill.,  and  Doctors  R.J.  Jones  and  R.  W.  Wissler, 
University  of  Chicago,  Chicago,  111.  oat 
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RESPONSE  OF  ELASTOPLASTIC  STRUCTURES  TO 
TRANSIENT  LOADS* 

By  H.  H.  Bleich 

Institute  of  Flight  Structures,  Columbia  University, 

New  York.  N.  Y. 

Introduction 

This  paper  is  concerned  principally  with  the  problem  of  finding  the 
response  to  transient  loads  of  structures  composed  of  beams  and  columns 
as  found  in  buildings,  but  the  method  presented  is  suitable  for  many 
other  applications. 

A  previous  paper  by  M.  G.  Salvadori  and  the  author^  contains  a  method 
of  approach  to  this  problem  using  expansions  in  normal  modes  of  vibra¬ 
tion  to  represent  the  response.  One  expansion  is  used  during  the  elastic 
stage.  When  the  first  plastic  hinge  appears,  a  different  set  of  modes  is 
used.  Whenever  a  new  plastic  hinge  appears,  or  a  change  in  the  location 
of  a  hinge  occurs,  different  modes  have  to  be  used.  The  method  is  ef¬ 
fective  in  simple  cases,  but  is  impractical  when  many  plastic  hinges 
must  be  considered,  because  the  determination  of  the  modes  and  the 
changes  required  from  one  set  to  another  require  considerable  computa¬ 
tional  work.  In  the  present  paper,  an  alternative  method  is  presented  that 
again  uses  the  mode  approach,  but  in  which  the  original  modes  of  the 
elastic  system  can  be  retained  all  through  the  plastic  stages,  resulting, 
in  certain  cases,  in  a  considerable  reduction  of  the  mathematical  work. 

When  determining  moments  in  rigid  frames  under  static  loads,  the 
elongations  of  the  members  have  a  trivial  influence  and  are  usually 
neglected,  and,  because  the  same  applies  in  case  of  dynamic  loads,  the 
members  of  the  frames  in  this  study  will  be  assumed  to  be  inextensible. 
They  further  will  be  assumed  to  exhibit  the  conventional  elastoplastic 
behavior  in  bending,  i.e.,  to  act  elastically  up  to  a  capacity  A/^,  and  to 
become  fully  plastic  when  this  moment  is  reached.  The  moment-curvature 
relation  for  this  case  is  shown  in  figure  1.  The  value  of  the  capacity 
moment  of  a  member  may  be  selected  to  allow  for  direct  stresses  that 
occur  simultaneously  with  the  moments,  if  these  stresses  are  large. 
Only  the  response  of  plane  structures  to  forces  in  their  plane  will  be 
considered. 


Response  During  the  Elastic  Stage 


I  Let  the  modes  of  free  vibration  of  the  framed  structure  to  be  studied 


*This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
on  November  18,  1955. 
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(figure  2)  be  <I>^  and  the  corresponding  frequencies  cj*.  The  displace¬ 
ments  of  a  point  x  will  be  defined  by  the  vector  y  (figure  3).  The 
elastic  response  of  the  structure  due  to  forces  P(t)then  can  be  expressed 
in  terms  of  generalized  coordinates  qi^(t) 

y  =  (A  =  l.  2,  3...)  (1) 

k 

where  y  =  y(x,  t)  and  =  ^k(x)  are  vectors.  This  relation  remains  for¬ 
mally  unchanged  if  the  member  A-B  is  curved. 

The  coordinates  can  be  found  by  solving  the  equations  of  motion 

Vk  +  (2) 

where  are  the  generalized  forces 

Qk=  fP^kdx  (3) 

and  the  generalized  masses 

ttik  =  /  dm  (4) 

The  summation-integration  is  to  be  extended  over  the  entire  frame,  dm 

being  the  element  of  mass. 

The  bending  moment  M  =  M{x)  is  given  by 

W  =  2  qkfik  (5) 

where  ^  is  the  bending  moment  at  x  in  the  mode  Similar  expressions 
may  be  written  for  shears  and  direct  forces,  if  desired. 

In  the  following,  it  will  be  assumed  that  the  modes  and  moments 
fik  already  known. 
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Response  During  the  Plastic  Stage 

If  the  loads  are  sufficiently  large,  plastic  deformations  will  begin  at  a 
time  t  =  tj.  Thereafter,  the  deformation  curve  of  the  structure  will  no 
longer  be  smooth,  but  will  show  "kinks”  at  points  where  plastic  hinges 
occurred  at  any  time  during  the  loading  history.  The  modes  form  a 
complete  system  of  orthogonal  functions,  and  cue  could  expand  the  de¬ 
formation  in  terms  of  the  regardless  of  the  kinks,  just  as  one  can  ex¬ 
pand  a  function  with  a  discontinuous  derivative  in  a  Fourier  series.  The 
poor  convergence  of  such  a  series,  particularly  for  the  moments,  would, 
however,  make  it  useless.  This  difficulty  can  be  overcome  by  expressing 
the  deformations  as  the  sum  of  two  terms:  the  first  term  is  an  expression 
containing  all  the  discontinuities,  and  the  second  an  expansion  for  the 
remainder  of  the  deflection  in  terms  of  the  modes  The  remainder 
being  a  smooth  function,  the  expansion  converges  about  as  rapidly  as  in 
the  elastic  case. 

Consider  an  instant  t  >  t^  when  kinks  due  to  plastic  hinges  exist  t 
a  number  of  points  x=Xj  (j  =  1,  2...).  The  displacement  is  then  expressed 
by 

y  =  1  dj  1  qk  (6) 

where  are  the  values  of  the  generalized  coordinates  in  the  plastic 
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stage;  dj  is  the  angle  of  the  kink  at  x^;  the  vector  ^y(x)  is  the  fictional 
elastic  deformation  of  the  frame  if  a  hinge  is  introduced  at  x  =  Xy  and  the 
two  portions  of  the  frame  on  either  side  of  the  hinge  are  rotated  by  equal 
and  opposite  moments  to  make  an  angle  equal  to  -1  (figure  4).  The 
process  just  described  is  a  standard  one  in  the  theory  of  statically  in¬ 
determinate  structures,  and  it  is  known  that  the  displacement  curve  \J/f 
thus  obtained  is  the  static  influence  line  for  the  moment  at  x  =  Xy .  The 
only  unusual  point  is  that  0y  is  used  here  as  vector. 

The  values  of  the  generalized  coordinates  can  be  found  from  the  usual 
equations  _ 

9*  +  9k  =  (7) 

Wk 

where  the  generalized  forces  are  now  due  not  only  to  the  external  loading 
P,  but  also  to  the  intertia  forces  -m  2  dj  ipf  resulting  from  the  first  term 

of  EQUATION  6.  With  reference  to  equation  3, 

Oit=  f  [P-m'^  df  ij/j]  $*cfx  =  C>/t- 2  0y /m  0y  dx  (8) 


The  last  integral  has  a  very  simple  physical  interpretation:  ij/j  is  by 
definition  the  static  influence  line  for  the  moment  at  x  =  Xy,  and  the 
integral  is  therefore  the  moment  at  Xy  due  to  a  system  of  loads  m 
Using  the  well-known  fact  that  any  mode  is  equal  to  the  static  de¬ 
flection  of  the  system  due  to  loads  <5*,  it  follows  that  the  integral 


equals 


1 

(U*2 


Hkixj).  Equation  7  becomes,  therefore. 


9*  +  (^k^  9*  - 


1 


(9) 


The  generalized  coordinates  ^  in  the  plastic  stage  can  be  considered 
as  the  sum  of  the  values  if  the  system  had  remained  elastic,  and 
corrections  p^j  originating  from  the  plastic  hinges  at  the  points  Xy 

9*  =  9*  +  ^Pkj  (10) 

(ik  satisfies  equation  2,  and  if  one  elects  to  require  that  the  p  satisfy 
the  equations 

Pkj  (^k  Pkj  =  ~  - - 3 -  (11) 

'  '  '  mk  Oik 

equation  9  will  be  satisfied,  too. 


Let  the  first  plastic  deformation  at  x  =  Xy  appear  at  the  time  t  =  tj.  The 
correction  pj^y  will  then  vanish  if  t  <  fy,  giving  one  initial  condition 

Pki  =  0  (12) 
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for  t  -  tj.  A  second  initial  condition  is  obtained  from  the  fact  that  the 
velocities  y,  from  equations  6  and  10, 


y  =  '1  Oj  ijji  +  '1  qk^  +2  '1  pkt^k 

i  k  k  i  ' 


(13) 


must  be  continuous  at  all  points  of  the  frame  in  spite  of  the  fact  that 
EQUATION  10  acquires  additional  terms  when  t  passes  the  value  As 
all  the  other  functions  are  individually  continuous  at  t  =  tj,  the  new  tenns 
at  this  instant  must  cancel  for  all  values  of  x 


'^1^1  ^  Pkj  =  0 


(t  =ti) 


(14) 


Multiplication  of  this  equation  by  m  and  integration  over  the  entire 
structure  gives  the  second  initial  condition  at  t  =  tji 

Pkj  =  —  6)  — - 5—  (15) 


nik  o)k 

The  solution  of  equation  11,  using  the  conditions  12  and  15,  is 


Pkj  —  ~  ^kj  /  (^)  ^fc(^  “^) 


(16) 


where 


Pki^j) 


aki  = 


(17) 


nik  ojk 


Equations  10  and  16  express  the  coordinates  in  terms  of  the  kink 
angles  dj  which,  however,  are  as  yet  unknown  as  to  location  and  magni¬ 
tude.  They  will  be  determined  in  the  following  section  from  the  require¬ 
ment  that  the  bending  moment  M  at  any  point  must  not  exceed  the  re 
spective  capacity  moment  . 

Determination  of  the  Angles  of  Plastic  Deformations  6j 

If  the  angles  of  plastic  deformation  6j  and  their  time  histories  prior  to 
the  time  t  were  known,  the  moments  M  in  the  structure  would  be  found 
from  a  relation  analogous  to  equation  6  defining  the  displacements, 

M  =  1  +  1  qkPk=  ^  ^  qkPk+  2  1  PkiPk  (^*) 

where  p*  was  defined  in  connection  with  equation  5  and  py  is  the 
bending  moment*  associated  with  the  displacement  0y.  The  values  6j  are 
not  known,  but  the  fact  that  equation  18  must  give  values  for  the 
moments  M  that  do  not  exceed  the  capacity  moment  Mo  imposes  condi¬ 
tions  on  the  angles  0y.  These  conditions,  after  substitution  of  equa¬ 
tion  16,  have  the  form  of  integral  equations  and  may  be  solved  ap- 
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*It  Is  noted  that  In  cases  where  the  original  elastic  structure  Is  statically  determinate, 
the  moments  py  vanish  identically. 


I  THE  NEW  YORK  ACADEMY  OF  SCIENCES  141 

I 

proximately  by  finite  difference  methods  using  the  procedure  outlined 
below. 

Points  1  (as  many  as  desired)  are  selected  on  each  member  of  the 
structure  and  the  approximation  is  then  made  that  yielding  will  occur 
only  at  these  points  i  (figure  5).  The  response  is  then  considered  at 
discreet  small-time  intervals  Af,  and  the  condition  M  <  Mg  is  enforced 
only  at  the  selected  points  i  at  the  end  of  each  time  interval  At. 

Let  the  kink  angles  dj  be  known  at  all  time  intervals  At  from  the  time 
i  r,  of  first  yield  up  to  the  instant  t  -  At.  In  the  next  time  interval,  from 
r  t  -  At  to  t,  the  yield  angles  dj  may  increase  by  Ad;  at  some  of  the  many 
points  I  selected  previously.  The  points  at  which  further  yielding  occurs 
I  in  this  time  interval,  and  the  magnitude  Ad;  are  found  as  follows:  assume 
for  the  moment  that  during  the  added  time  interval  At  no  further  yielding 
occurs.  The  value  of  d;  (t)  will  then  equal  the  known  value  d;  (t  -  At), 
while  p^j  can  be  determined  from  equation  16  by  numerical  integration. 
To  distinguish  it  from  the  true  value  it  is  called  p^^;, 

»-At  . 

p/t;  ~  ~  O kj  f  d;(A)  COS  (Ok  (t  ~  a)  c/A  (19) 

■ 

The  elastic  response  (t)  can  also  be  determined  as  it  does  not  depend 
on  yielding.  The  moments  found  from  equation  18,  using  p*;  instead  of 
^  p*;,  will  exceed  the  capacity  moments  in  some  points.  Let  the  excess 
!  be  AM.  At  such  points 

Mo  +  AM  =  2  d;  (t  -At)  2  q*p/c  ^  ^  PkjfJ-k  (20) 

where  Mo  and  AM  may  be  positive  or  negative,  but  both  must  have  equal 
signs. 

The  excess  moments  AM  given  by  equation  20  occur  only  if  yielding 
.  were  prevented.  The  actual  moments  given  by  equation  18  satisfy  |M| 


Figure  5 
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^  \Mo  I  at  all  points.  Deducting  the  respective  equation  18  from  each 
EQUATION  20,  and  noting  the  relations  ^ 

6/  it)  ~  Oj  it -At)  =  Adj  , 

r  .  ^21)  ' 

Pki  -  Pki  =  aki  f  U)  cos  6j*{t-A)c/A  =  ai^fAdj 

t-At  1  ' 

one  obtains  for  each  point  i  where  an  excess  moment  occurs 

+  AMi  -  Mi  =  2/3^,  Ae,  (22)  | 

where 

=  ~  Mi  (*i)  +  2  a^f  fiki^i^  (23) 

Actual  yielding,  Adj  ^0,  may  occur  in  all  these  points  or,  frequently,  I  , 
only  in  some  of  them.  In  each  point  i,  where  actual  yielding  occurs,  the  | 
moment  Mo  must  equal  the  capacity  one,  M  =  Mo ,  such  that  the  relation  1 

2  Adi  =  (24)  , 

must  be  satisfied.  At  points  i  of  no  yield  jWj  <  |Afo|,  such  that  the  in-  |  ^ 
equality  |  ^ 

(t  2  Adi  >  €i  AM,  (25) 

‘  f 

applies,  where  the  factor  rj=  ±1  has  the  same  sign  as  the  excess  moment  |  t 
AM,,  making  always  AM,  >  0.  The  definitions  of  the  functions  and  of  I  b 
the  signs  of  the  bending  moments  have  been  selected  such  that  the  incre-  I  f 
ment  Ady  of  the  yield  angle  must  have  the  same  sign  as  the  bending  I  1 
moment  at  the  same  point.  This  is  an  important  condition  to  be  satisfied.  I  s 
Substituting  equation  17  into  equation  23  one  obtains  I  a 

I  ^ 

Pki^l)  Pki^) 

^ji  =  -  Pi  (*i)  +  ?  - 1 -  (26)  Q 

aikCOk  M 

It  is  immediately  apparent  that  the  value  of  the  sum  is  not  affected  iff  I  it 
and  j  are  interchanged.  While  not  so  obvious,  it  can  be  shown  easily  by 
standard  procedures  used  in  the  analysis  of  indeterminate  structures  that 
fiiix,)  =  p,  (xy),  such  that  /3yy  =  /3,y.  1. 

The  problem  of  finding  the  plastic  deformations  occuring  in  the  time 
interval  t  -  At  to  t  is  therefore  reduced  to  the  following  mathematical 
problem:  among  all  the  points  i  where  excess  moments  occur,  some  have 
to  be  selected  such  that  the  system  of  equations  (equation  24)  for 
these  points  gives  values  Ad,  having  the  same  sign  as  AM,,  while  at  all 
other  points  Ad,  =  0  and  equation  25  are  satisfied. 
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It  is  somewhat  unsatisfactory  that  there  is  no  direct  procedure  to  solve 
the  system  of  equations  and  inequalities  (equations  24  and  25),  but 
no  great  difficulty  should  be  experienced  if  the  obviously  limited  number 
of  points  where  yield  occurs  are  selected  for  trial  on  a  physical  basis. 
Also,  the  existence  and  uniqueness  of  the  solution  is  taken  for  granted 
on  physical  grounds.  A  purely  mathematical  proof  remains  for  future  work. 

Summarizing  the  results,  the  following  procedure  is  suggested: 

(1)  Find  the  elastic  response  from  equation  2  by  any  suitable 
method,  disregarding  the  possibility  of  plastic  deformations,  and  deter¬ 
mine  the  elastic  moments  at  the  selected  points  from  equation  5. 

(2)  To  achieve  computational  economy,  it  is  necessary  to  restrict  the 
number  of  modes  used  as  far  as  compatible  with  the  required  accuracy. 
The  crucial  point  is  the  series  for  the  elastic  bending  moment  (equa¬ 
tion  5),  which  appears  also  in  equations  18  and  20.  Improved  con¬ 
vergence  can  be  obtained  by  noting  the  identity 

M  ^  i  =  (27) 

Jr  k  ^-2 


24)  1 

•  I 

in-  I 


I 


fi  1 

by  I 

at  I 


where  M,,  is  the  static  bending  moment  due  to  the  loads  P  acting  at  the 
same  instant.  If  these  loads  do  not  vanish  at  the  particular  time  con¬ 
sidered,  such  that  =  0,  the  series  on  the  right  side  of  equation  27 
converges  faster  than  equation  5. 

(3)  The  bending  moments  obtained  in  step  1  indicate  the  time  ti  of 
first  plastic  deformation.  To  find  the  magnitude  of  these  deformations  in 
the  time  element  from  fj  to  t  =  tj  -t-  At,  the  values  AM  are  obtained  from 
equation  20.  pifj,  defined  by  equation  19,  and  6/  (t  -  At)  vanish  for 
the  first  step,  because  no  plastic  deformations  have  occurred  prior  to  ti. 
The  only  term  remaining  on  the  right-hand  side  of  equation  20  is  the 
second  sum,  which  is  the  elastic  moment  (equation  5).  Equations  24 
and  25  furnish  the  first  increments  of  the  plastic  angles  Ady  quite  easily 
as  there  can  be  only  one,  or  very  few  points  of  excess  moments  AM. 

(4)  The  process  is  repeated  for  further  steps,  noting  that  p^y  and 
djit  -  At)  in  EQUATION  20  no  longer  vanish,  is  determined  from 
EQUATION  19  by  numerical  integration  using  the  values  of  Adj  obtained 
in  the  earlier  steps. 
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SECTION  OF  OCEANOGRAPHY  AND  METEOROLOGY* 

GENERAL  CIRCULATION  AND  CYCLOGENESIS** 

By  Paul  Raethjen*** 

Department  of  Meteorology  and  Oceanography,  New  York  University, 

New  York,  N.  Y. 

‘^Planetary”  and  **Monsoonal”  Circulation 

Cyclogenesis  is  not  a  special  event  peculiar  to  our  earth’s  atmosphere. 
It  has  to  occur  in  any  planet’s  atmosphere,  if  the  planet  is  rotating  and 
warmed  by  the  sun’s  radiation,  and  if  its  atmosphere  has  nearly  the  same 
gas  properties  as  our  earth’s  atmosphere.  This  means  that  the  funda¬ 
mental  cause  of  cyclogenesis  is  not  the  special  features  of  the  earth’s 
surface,  such  as  the  special  location  of  oceans  and  continents,  mountains 
and  lowlands.  Rather,  the  “planetary”  conditions,  determined  by  a 
planet’s  rotation  and  the  sun’s  radiation,  cause  cyclones  to  occur  in 
any  planet  of  similar  atmosphere.  Even  if  the  earth’s  surface  did  not  have 
its  well-known  features  of  oceans  and  continents,  cyclones  would  never¬ 
theless  occur.  For  instance,  were  all  the  earth’s  surface  only  one  large 
ocean,  cyclones  would  still  occur  in  the  earth’s  atmosphere. 

This  knowledge  is  neither  self-evident  nor  is  it  a  platitude  to  state  it. 
We  see  cyclogenesis  usually  occurring  in  especially  favored  locations; 
for  instance,  along  the  North  American  east  coast.  We  know,  too,  that 
there  are  some  especially  favored  paths  of  cyclone  movement.  An  es¬ 
sential  question,  therefore,  is  whether  cyclogenesis  can  occur  withoat 
such  favored  locations. 

Not  only  cyclogenesis,  but  all  the  problems  of  the  general  circulation, 
can  be  illuminated  by  the  question:  Which  of  the  circulatory  events  can 
occur  in  any  planet  atmosphere,  and  which  can  occur  only  because  of  the 
special  features  of  our  earth’s  surface?  It  may  be  useful  to  divide  all 
the  events  of  general  circulation  into  two  types.  One  may  be  called  the 
“planetary”  circulation  type.  This  type  contains  all  the  circulatory 
events  that  are  generated  by  the  difference  in  heat  between  the  tropics 
and  poles.  These  are  events  that  would  also  occur  if  all  the  earth’s 
surface  were  only  one  large  ocean  or  one  large  archipelago  with  many 
small  and  equally  spaced  isles.  The  other  type  of  general  circulation 
may  be  called  the  “monsoonal”  circulation  type.  It  contains  all  the 
circulatory  events  that  are  generated  especially  by  the  difference  in 
heat  between  the  oceans  and  continents.  All  these  events  would  not 

*The  Section  of  Psychology  held  a  meeting  on  fVovember  21,  1955  at  which  a  paper 
entitled  “The  Evaluation  of  Autonomic  Responses:  Toward  a  General  Solution*'  wn 
presented  by  John  I.  Lacey.  This  paper  will  be  published  later  as  a  separate  article  is 
the  ANNALS. 

**Thls  p^er,  was  presented  at  a  meeting  of  the  Section  on  October  25,  1955. 

It  Is  partly  baaed  on  research  conducted  under  Office  of  Naval  Research  Contract  No. 
Nonr-285  (09)  at  New  York  University,  New  York,  N.  Y. 

•**The  author  is  on  leave  from  the  Institute  of  Geophysics,  University  of  Hamburf, 
Hamburg,  Germany. 
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I  occur  if  the  whole  earth’s  surface  were  only  one  large  ocean  or  archi- 
'  pelago. 

j  I  regret  that  I  have  not  more  appropriate  names  for  these  types.  The 
\  term  “planetary”  is  often  abused  to  mean  only  a  very  large-scale  circula- 
!  tion  pattern.  That  is  not  the  original  meaning  of  the  word.  The  word  is 
!  derived  from  “planet”  and,  therefore,  it  refers  to  the  essential  properties 
'  of  all  the  planets,  not  only  to  the  special  properties  of  our  earth.  The 
i  name  “monsoonal”  is  derived  from  the  word  “monsoon,”  the  noun  re¬ 
ferring,  originally,  to  the  summer  winds  and  rains  of  India.  This  special 
summer  monsoon  of  India  is  generated  by  the  heat  difference  between 
the  land  of  India  and  the  Indian  Ocean.  Other  large-scale  circulations 
generated  by  the  heat  difference  between  land  and  sea  are  also  called 
“monsoons”;  for  instance,  the  “Australian  monsoon”  and  the  “Guinea 
nonsoon.”  Moreover,  some  German  meteorologists  have  used  the  word 
“monsoon”  to  describe  a  special  European  circulation  event  that  is 
generated  by  the  difference  of  heat  between  the  Atlantic  Ocean  and  the 
European  continent  that  is  similar  to  India’s  summer  monsoon. 

I  have  recently  called  all  the  circulation  events  that  are  generated  by 
the  heat  difference  between  ocean  and  continent  anywhere  “monsoonal” 
events.  This  definition  describes  the  “general”  circulation  as  composed 
of  many  events  that  are  generated  either  by  the  “planetary”  or  by  the 
“monsoonal”  heat  difference;  briefly,  the  “general”  circulation  is  com¬ 
posed  of  both  the  “planetary”  and  “monsoonal”  circulations. 

This  composition  is  real,  because  both  these  heat  differences  are  real. 
Regarding  the  rules  of  thermodynamics,  the  real  cause  of  any  circulation 
is  always  the  gain  of  mechanical  energy  by  a  transport  of  heat  from 
higher  to  lower  temperature.  It  cannot  be  doubted,  therefore,  that  the 
original  first  cause  of  the  general  circulation  in  our  earth’s  atmosphere 
is  the  heat  difference  between  either  the  tropics  and  poles  or  between 
the  oceans  and  continents.  The  former  difference  produces  the  “planetary” 
part,  and  the  latter  the  “monsoonal”  part  of  the  “general  circulation.” 

In  science,  it  is  always  useful  to  classify  more  by  the  generating 
cause  than  by  the  appearance.  I  have  tried,  therefore,  to  separate  all 
the  events  of  the  general  circulation  into  the  “planetary”  and  “mon¬ 
soonal”  types.  It  is  uncertain,  however,  that  such  a  separation  can 
always  take  place.  Perhaps  both  parts  of  the  general  circulation  are 
connected  together  in  such  a  complicated  manner  that  it  is  impossible, 
or  not  useful,  to  separate  them  from  each  other.  But  that  remains  a 
question  of  experience.  Citing  some  practical  examples  will  show  that 
this  partnership  can  be  divided,  and  that  it  can  be  explained  better  if  it 
is  divided. 

First  Example:  ‘^Circulation  Wheels” 

In  1928,  Tor  Bergeron^  presented  a  scheme  of  the  prevailing  large- 
scale  horizontal  circulation  in  the  lower  layers.  Figure  1(a)  shows  his 
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“circulation  wheels.”  Many  large  high-  and  low-pressure  areas  are 
distributed  like  the  squares  of  a  checkerboard.  A  horizontal  circulation 
in  the  lower  layers  goes  around  these  centers,  cyclonically  around  the 
low-,  anticyclonically  around  the  high-pressure  center.  Any  of  these 
pressure  areas  extend  to  about  60°  of  longitude.  All  of  them  are  situated 
in  three  zonal  series,  the  one  series  between  the  pole  and  70°  latitude, 
the  second  between  70°  and  40°  latitude,  and  the  third  between  40°  latitude 
and  the  equator.  The  pattern  in  figure  1(a)  represents  the  favored  occur¬ 
rence  of  high  and  low  pressure  in  the  winter.  The  large  type  in  the  circles 
denotes  the  name  of  this  pressure  area.  For  instance,  IT  =  “Iceland  Low," 
AH  =  “Azores  High,”  KH  =  “Canadian  High,”  etc. 

nor  SO'  O’  so*  no' 


y®/  ®  \0K. 


Figure  1.  (a)  (upper)  The  checkerboard  scheme  of  the  horizontal  circula¬ 
tions.  The  sea  level  in  winter.  BFT  =  Baffin  Bay  Low;  GH  =  Greenland  High; 
BT  =  Barents  Sea  Low;  CH  =  Cape  Cheljuskin  High;  KH  =  Canadian  High; 
FT  =  Iceland  Low;  RH  =  Russian  High;  AT  =  Altai  Low;  MT  =  Gulf  of  Mexico 
Low;  AH=Azores  High;  ST=Sudan  Low;  and  TH  =  Tibet-Iran  High.  (T.  Bergeron, 
1928).  (b)  (lower)  The  6  km.  level  in  summer.  H  =  high  pressure  and  T  =  low 
pressure.  (H.  Seilkopf,  1946.) 
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Figure  2.  "Sea  planetary"  average  pressure,  pg,  250  meters  above  sea 
level.  January  and  July. 

In  the  summer,  such  a  large  “checkerboard”  as  Bergeron’s  can  also  de¬ 
termine  the  favored  occurrence  of  high-  or  low-pressure  areas.  In  1946, 
H.  Seilkopf^  illustrated  the  summer  pattern  as  shown  in  figure  1(b). 
This  figure  shows  the  streamlines  of  the  6  km.  level  and  the  correspond¬ 
ing  pressure  pattern.  At  this  level,  the  horizontal  circulation  travels  in 
“long  waves,”  not  quite  around  the  pressure  centers.  That  is  not  the 
essential  difference,  however,  between  these  patterns.  In  summer  and 
winter,  the  upper  circulation  travels  in  long  waves,  and  the  lower  circu¬ 
lation  travels  around  the  pressure  centers.  We  see,  though,  in  figure  1  (a), 
a  location  difierence  between  winter  and  summer.  For  instance,  the 
North  Atlantic  has  the  “Iceland  Low”  in  the  winter,  but  high  pressure 
in  the  summer;  European  Russia  has  high  pressure  in  winter,  but  low 
pressure  in  summer,  and  so  on.  On  this  large  checkerboard  of  figure  1(a), 
almost  all  the  squares  that  have  high  pressure  in  winter,  have  low 
pressure  in  summer,  and  vice  versa.  All  these  large  “circulation  wheels” 
reverse  direction  from  the  winter  to  the  summer. 

Obviously,  this  change  is  caused  by  the  change  of  the  “monsoonal” 
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heat  difference.  We  can  guess,  at  least,  that  although  this  checkerboard 
pattern  represents  a  “planetary”  effect,  its  location  is  a  “monsoonal" 
one. 


Second  Example:  Average  Surface  Pressure 

The  average  sea-level  pressure  in  January  and  July,  over  a  period  of 
about  50  years,  is  a  pattern  determined  by  the  average  circulation. 
Ninety  years  ago,  the  great  American  meteorologist,  William  Ferrel,* 
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computed  the  average  pressure  pattern  that  must  develop  by  the  “plane¬ 
tary”  circulation.  His  method  was  a  theoretical  one  with  the  following 
results; 

Both  hemispheres  have  a  high-pressure  zone  of  about  30°  latitude 
around  the  earth.  Between  them,  near  the  equator,  is  situated  a  low- 
pressure  zone.  Also,  the  polar  areas  have  lower  pressure  than  the  sub¬ 
tropics.  Figure  2  shows  Ferrel’s  pressure  pattern,  but  it  is  not  computed 
by  Ferrel’s  theory.  It  is  derived  from  the  real  observed  sea-level  pressure. 
I  have  computed  it  by  an  empiric  method.^  This  graph  represents  the 
average  pressure  pattern  (that  would  be  real  were  the  earth’s  surface 
only  one  large  ocean)  at  250  meters  above  sea  level.  Its  zero  point 
(pg  =  0)is  assumed  at  the  equator.  At  the  left  is  shown  the  winter  pattern, 
either  in  January  of  the  Northern  Hemisphere,  or  in  July  of  the  Southern 
Hemisphere.  The  summer  pattern  is  represented  at  the  right.  The  250-mile 
level  is  used  in  this  pattern  because  it  is  essentially  the  middle  of  the 
friction  layer.  I  call  this  curve  the  “sea-planetary”  pressure  pattern. 

I  also  used  the  “planetary”  pattern  to  compute  the  “monsoonal” 
pattern  for  the  difference  between  the  real  observed  average  pressure 
and  a  “planetary”  value  that  would  be  actual  if  the  earth’s  surface 
were  an  archipelago  with  the  real  relation  of  lands  and  sea  in  any 
latitude.^  Figure  3  represents  the  “monsoonal”  pressure  divided  into 
two  parts.  Figure  3  (a)  shows  the  monsoonal  average  of  January  and 
July.  Figure  3  (b)  shows  its  half  difference.  Both  “monsoonal”  parts, 
as  the  figure  shows,  are  obviously  associated  with  the  oceans  and 
continents.  Thus,  it  is  verifiable  that  the  average  surface  pressure  can 
be  divided  into  one  “planetary”  and  two  “monsoonal”  parts. 

Third  Example:  Coastal  High  Pressure 

Not  only  the  average  pressure  pattern,  but  also  a  single  weather  event 
can  be  affected  by  the  monsoonal  heat  difference.  It  is  evident  that  such 
a  weather  effect  appears  on  a  smaller  scale  than  does  the  climatic 
average  effect.  Not  the  whole  continent  or  ocean,  but  a  part  of  them,  is 
covered  by  a  high-  or  low-pressure  area  in  this  case.  Of  course,  the 
coastal  region  must  then  be  affected  more  than  the  interior  of  the  conti¬ 
nent.  I  have  looked  for  a  monsoonal  weather  effect,  therefore,  on  the 
European  west  coast. 

Since  the  planetary  effect  favors  low  pressure  in  higher  latitude,  we 
can  assume  the  monsoonal  effect  is  stronger  in  that  weather  situation 
which  shows  a  large,  strong  high-pressure  area  near  the  European  west 
coast.  This  idea  was  the  fundamental  viewpoint  guiding  the  research 
carried  out  by  H.  Kruhl®  in  Hamburg,  Germany,  in  1947.  His  results  were 
as  follows: 

A  high-pressure  area  occurs  intermittently  on  the  European  west  coast 
and  generally  has  a  typical  location  that  changes  with  the  seasons. 
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Kruhl  has  presented  one  year  as  an  example  of  this  typical  location.  As 
we  see  in  figure  4,  seven  high-pressure  patterns  occurred  during  this 
year.  The  middle  section  of  this  figure  shows  the  path  of  the  high- 
pressure  center.  This  middle  path  is  closed,  but  the  high-pressure 
center,  of  course,  does  not  move  continuously.  Low-pressure  phases 
always  occur  between  two  of  these  high-pressure  phases.  The  low- 
pressure  phases  seem  to  be  more  planetary,  the  high-pressure  more 
nonsoonal.  It  may  be  that  the  planetary  and  monsoonal  weather  phases 
relieve  one  another.  I  think  the  so-called  ‘‘singularities’*  that  are  often 
described  by  some  German  meteorologists  can  be  caused  by  an  abrupt 
shift  from  a  planetary  to  a  monsoonal  weather  phase,  or  vice  versa.  Also, 
the  dynamics  show  that  a  coastal  high-pressure  phase  can  be  generated 
by  the  heat  exchange  between  the  tropics  and  the  high  latitudes.  It  may 
be  that  Ferrel’s  old  theory,  if  varied  a  bit  toward  this  end,  can  be  used 
to  explain  the  development  of  a  coastal  high. 

Frontal  Zone 

There  is  another  viewpoint,  however,  that  is  not  considered  in  Ferrel’s 
work.  The  planetary  pressure  pattern  has  not  only  a  high-  but  also  a 
low-pressure  zone  between  the  tropics  and  the  poles— the  so-called 
“polar  front.”  In  1920,  Vilhelm  Bjerknes  showed  this  ‘‘polar  front”  to 
be  the  origin  of  the  middle  latitude  cyclones.  The  ‘‘polar  front”  is  not 
actually  a  sharply  defined  discontinuity,  but  a  wide  zone  between  the 
large,  cold  polar,  and  the  large,  warm  subtropic  air  masses.  Bergeron,^ 
about  1928,  called  it  the  ‘‘frontal  zone.”  Today,  this  zone  is  well  known 
to  us  by  radiosonde  observations.  The  ‘‘frontal  zone”  has  not  only  a 
strong  horizontal  temperature  gradient,  but  also  a  strong  upper  wind  of 
about  90  knots  in  the  upper  troposphere— the  so-called  ‘‘jet  stream.” 

Figur  e  5  shows  a  vertical  cross  section  through  a  frontal  zone  in 
North  America  on  December  10,  1952.  Its  strong  upper  wind  is  directed 
into  the  plane  of  the  picture.  The  isotachs  are  dashed.  The  cold  mass  is 
situated  to  the  left,  the  warm  mass  to  the  right.  The  solid  lines  are 
isentropes.  The  numbers  at  both  ends  represent  the  absolute  potential 
temperature.  Of  course,  the  isentropes  must  be  inclined  from  the  cold 
to  the  warm  air.  The  solid  line  with  the  small  circles  represents  the 
tropopause.  Obviously,  it  is  broken  here  into  two  or  three  parts. 

The  width  of  such  a  frontal  zone  is  about  1000  km.,  or  600  miles 
across  the  upper  frontal  winds.  Its  length  is  about  4000  km.,  or  2500 
miles  along  the  upper  winds.  This  means  the  strong  ‘‘jet  stream”  does 
not  go  around  the  earth,  but  comes  from  and  goes  to  a  weaker  wind  area. 
Also,  this  strong  horizontal  temperature  gradient,  represented  in  figure  5 
by  the  strongly  inclined  isentropes,  occurs  in  a  space  of  only  about 
2500  miles,  and  not  around  the  earth. 
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We  must  now  ask:  Where  is  the  frontal  zone  generally  located?  V.  Bjerii- 
nes  says  its  location  is  “between  the  ‘polar’  and  the  ‘subtropic’  air  mass.” 
That  means  a  “planetary’’  location,  but,  indeed,  the  frontal  zone  is 
often  associated  with  the  North  American  east  coast  in  winter.  Obviously, 
however,  this  location  is  a  “monsoonal’’  one,  although  we  can  call  the 
cold  continental  air  mass  a  “polar’’  mass  and  the  warm  oceanic  air  mass 
a  “subtropic’’  mass.  It  is,  I  think,  as  an  effect  of  general  circulation 
instability  that  the  coastal  “monsoonal’’  weather  effect  can  be  either  a 
high-pressire  area  or  a  frontal  low-pressure  zone.  Since  the  frontal 
zone  is  the  origin  of  cyclogenesis,  it  is  generally  a  low-pressure  zme. 


FIGURE  5.  Vertical  cross  section  through  a  frontal  zone  at  the  North 
American  east  coast,  December  10,  1952.  Solid  lines  =  isentropes;  dashed 
lines  =isotachs;  circle-point  lines  =tropopause;  and  cross-point  line  =  inversion. 
The  numbers  at  the  bottom  denote  the  radiosonde  stations  used. 


Figure  6.  “Wedge  injection"  cyclogenesis  at  the  European  west  coast,  April  1951.  500  mb.  maps  0300  Greenwich  time,  (a)  April  25th: 
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6  (cont'd.).  (c)  AprU  27th:  strong  southward  progression. 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


157 


Cyclogenesis 

Why  does  cyclogenesis  occur  at  a  frontal  zone?  This,  I  think,  is  the 
essential  question  of  the  cyclogenesis  theory.  But  it  is  not  possible  to 
consider  this  question  without  answering  another  question  first:  What  is 
a  “cyclone”?  Is  it  a  wave  or  is  it  a  vortex,  and  which  of  these  is  its 
essential  property? 

Radiosonde  observations  over  the  past  20  years  show  that  the  es¬ 
sential  property  of  a  strong  cyclone  is  its  strong  curvature  vorticity, 
added  to  the  larger  pattern  of  general  circulation  in  all  layers  from  the 
surface  to  about  100  mb.  Often,  this  cyclonic  vorticity  is  much  stronger 
than  any  other  vorticity  found  earlier  in  the  region.  From  this  observa¬ 
tional  result,  we  can  agree  that  “cyclogenesis”  means  essentially  a 
generation  of  strong  curvature  vorticity  in  all  layers.  We  can  then  ex- 
1  press  the  above-mentioned  fundamental  question  as  follows:  Why  does 
“  curvature  vorticity  develop  in  a  frontal  zone? 

y  To  decide  this  question,  we  need  more  and  better  radiosonde  ob- 
servations  than  we  now  have.  The  vertical  cross-section  pattern  of  a 
j  frontal  zone,  however,  shows  (figure  5)  some  properties  that  may  be 
■J  essential  in  cyclogenesis.  We  see  that  the  isentropes  diverge  vertically 
bm  the  polar  stratosphere  to  the  subtropic  troposphere.  If  an  air  mass 
^  were  injected  from  the  polar  stratosphere  to  the  subtropic  troposphere 
”  isentropically,  it  would  be  stretched  vertically  and,  therefore,  would 
^  shrink  horizontally.  Consequently,  the  vorticity  would  increase.  I  call 
^  this  phenomenon  “wedge  injection”  because  the  mass  flows  in  a  wedge- 
'  shaped  pattern.  We  see  in  figure  5  how  such  a  “wedge  injection”  can 
J  happen  between  both  parts  nf  the  broken  tropopause.  The  temperature 
inversion,  represented  by  the  cross-point  line,  can  also  be  generated  by 
such  a  “wedge  injection.”  The  vertical  mass  extension  can  occur  about 
four  times,  as  figure  5  shows.  This  stretching  is  enough  to  generate 
very  strong  cyclonic  vorticity.  While  we  may  infer  a  nearly  isentropic 
injection  from  these  observational  results,  we  cannot  prove  it,  because 
the  radiosonde  observations  are  too  few  and  are  not  accurate  enough.  It 
may  be  that  the  so-called  “tipping  effect”  is  also  effective  in  this  case. 

In  April  1951,  however,  a  special  case  of  very  strong  cyclogenesis 
was  observed  on  the  European  west  coast.  This  cyclogenesis  cannot 
be  explained  other  than  by  the  vertical  stretching  of  a  polar  stratospheric 
mass  injected  into  the  subtropic  troposphere.  The  four  maps  constituting 
FIGURES  6  (a),  (b),  (c),  and  (d),  show  the  development  in  the  500-mb. 
level,  beginning  from  a  so-called  “blocking”  pattern  promoted  by  a 
frontal-zone  wave,  progressing  southward  for  more  than  a  zone  wave, 
and  finishing  in  a  large,  strong  “cut-off”  cyclone  of  the  upper  trop¬ 
osphere.  Although  this  was  a  case  of  strong  upper  cyclogenesis,  es¬ 
sentially  nothing  happened  at  the  surface.  The  final  vorticity  of  the 
upper  troposphere  was  stronger  than  it  had  been  earlier  in  the  region. 
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From  this  observation,  we  must  conclude  that  the  strong  vorticity  of 
this  large  mass  is  generated  by  a  horizontal  mass  shrinkage.  It  cannot 
be  advected  or  otherwise  generated.  Since  the  figure  6  maps  shot  o 
that  this  mass  was  coming  from  the  polar  region,  we  conclude  that  the 
cyclogenesis  is  made  by  a  polar  mass  that  has  shrunk  horizontally  and 
stretched  vertically.  Such  a  strong  vertical  stretching,  though,  is  possible 
only  in  a  mass  going  from  the  stratosphere  to  the  troposphere.  This 
example  of  cyclogenesis  is  an  unusual  one,  but  it  proves  that,  in  this 
case,  the  cyclogenesis  mass  came  from  the  polar  stratosphere. 

Meridional  Tropopause  Circulation 

If  this  “wedge  injection”  generally  occurs,  it  can  be  a  part  of  the 
average  meridional  circulation.  In  the  average  meridional  cross  section 
also,  the  isentropes  diverge  vertically  from  the  polar  stratosphere  to 
the  subtropic  troposphere,  as  S.  L.  Hess^  demonstrated  in  1948.  The 
average  meridionnd  circulation  is  shown  in  figure  7.  Associated  with 
the  well-known  tradewind  circulation  is  a  weak  circulation  around  the 
tropopause.^  This  weak  circulation  originates  in  the  tropics,  rises  from 
the  troposphere  to  the  stratosphere,  down-glides  above  the  tropopause  to 
the  polar  region,  and  there  sinks  into  the  troposphere.  I  call  this  the 
“tropopause  circulation.”  Since  this  average  circulation  is  very  weak, 
it  cannot  be  observed  directly,  but  some  of  the  following  observations 
indicate  that  it  is  real: 

(1)  The  tropic  tropopause  is  the  coldest  spot  in  all  the  atmosphere. 
This  observed  fact  cannot  be  explained  as  a  radiation  balance  effect, 
because  the  sun’s  radiation  has  its  strongest  value  just  here.  But  we 
can  explain  this  low  temperature  by  a  weak,  rising  movement  of  the  air. 
Similarly,  while  the  warm  polar  tropopause  cannot  be  explained  as  a 
radiation  balance  effect,  it  can  be  explained  by  a  weak,  sinking,  mass 
motion. 

(2)  The  negligible  stratospheric  humidity  and  absence  of  clouds  can 
be  explained  by  a  weak  influx  of  tropospheric  air  with  very  low  temper¬ 
ature.  That  can  occur  only  in  the  tropics.  It  is  probable,  then,  that  the 
outflux  has  to  be  in  the  polar  region. 

(3)  All  fresh  polar  air  masses  in  the  troposphere  are  very  clear.  The 
visibility  is  very  good  compared  with  that  of  other  air  masses.  From  this 
general  observation,  we  may  infer  that  the  polar  region  has  a  normal 
influx  of  stratospheric  air. 

(4)  All  the  strong  tropospheric  inversions  are  boundary  surfaces 
beneath  a  down-gliding  air  movement.  Why  should  not  the  tropopause 
inversion  also  be  a  down-gliding  surface? 

(5)  The  observed  westerly  winds  of  the  stratosphere  could  not  be 
supported,  as  a  rule,  without  a  poleward  flow  of  the  stratospheric  mass. 

All  the  above  arguments  indicate  that  there  is  a  weak,  average 
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“tropopause  circulation,”  as  figure  7  shows.  Now  we  must  ask  ii 
what  manner  this  circulation  is  closed  in  the  troposphere.  If  a  consider¬ 
able  part  of  this  mass  circulation  is  going  isentropically  from  the  polar 
stratosphere  to  the  subtropic  troposphere,  the  planetary  low-pressure 
zone  of  middle  latitude  is  explained  by  the  cyclogenesis  that  is  as¬ 
sociated  with  the  “wedge  injection.” 

Thus,  middle-latitude  cyclogenesis  is  a  part  of  the  “planetary" 
circulation,  although  its  location  is  often  a  “monsoonal”  one.  But 
there  are  many  interesting  questions,  too,  about  the  connection  between 
“planetary”  and  “monsoonal”  effects  in  cyclogenesis.  This  connection 
is  illuminated  by  research  carried  out  by  the  author  while  participating 
in  the  project  “SCUD.” 
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Quinoline  compounds  have  been  employed  with  considerable  success 
for  the  past  50  years  for  the  treatment  of  human  ailments  as  diversified 
as  amebiasis,  malaria,  wounds,  dermatoses,  and  trichomoniasis.  Closely 
related  pharmaceuticals  of  this  group  are  Diodoquin,  chinisol,  chiniofon, 
yatrene,  Permin,  Quinolor,  Vioform  and  chlorquinaldol  (Sterosan,  Geigy 
Pharmaceuticals,  Inc.,  New  York,  N.  Y.)  (figure  1).  Their  derivatives 
aieatabrin,  chloroquine,  primaquine,  acridine,  acriflavine,  and  proflavine. 
The  parent  chemical  of  these  useful  medicinals  is  quinoline,  a  colorless 
liquid  derived  from  coal  tar  or,  synthetically,  from  aniline,  and  found 
along  the  many  alkaloids  of  the  bark  of  the  cinchona  tree.  Quinoline  is 
composed  of  a  pyridine  ring,  an  essential  structure  of  alkaloids,  fused  to 
a  benzene  ring.  Benzene,  being  less  stable  than  pyridine,  undergoes 
substitution  more  readily.  One  such  substituted  product  is  Vioform 
(5<hloro,7-iodo-8-hydroxyquinoline),  first  introduced  by  CIBA  Pharma¬ 
ceutical  Products,  Inc.,  Summit,  N.  J.,  in  1897.  This  is  an  odorless, 
light  tan,  water-insoluble  powder  with  pronounced  bactericidal,  fungicidal, 
and  protozoicidal  effect.  It  has  been  used  clinically  with  good  effect  in 
amebiasis  and  trichomoniasis.  Although  Vioform  is  well  tolerated  orally, 
it  considerably  increases  the  blood  iodine  level.  Due  to  its  action 
against  both  bacteria  and  fungi,  a  {xoperty  not  shared  by  many  fungicides 
and  antibiotics,  and  its  low  incidence  of  cutaneous  sensitization,  Vio- 
fotm  has  also  found  wide  use  in  the  field  of  dermatology.  It  has  the  dis¬ 
advantage,  however,  because  of  its  high  iodine  content  (41.5  per  cent), 
of  staining  the  skin,  hair,  and  clothing  when  applied  locally.  Another 
»ell-known  and  effective  derivative  is  Quinolor  Compound  (E.  R.  Squibb 
iSons,  New  York,  N.  Y.),  a  mixture  of  5-chloro-,  7-chloro-,  and  5,7-di- 
chloro-8-hydroxyquinoline  with  both  bactericidal  and  fungicidal  activity 
that  for  many  years  has  been  prescribed  for  pyogenic  dermatoses,  par¬ 
ticularly  sycosis  barbae. 

In  a  study  of  noniodine-containing  hydroxyquinoline  derivatives,  J. 
Fassler^  noted  that  substitution  of  chlorine  for  the  iodine  in  the  Vioform 
molecule  produced  5,7-dichloro-8-hydroxyquinoline,  a  chemical  of  great 
activity  against  Micrococcus  pyogenes  var.  aureus  and  two  species  of 
dermatophytes.  Introduction  of  a  methyl  group  into  the  dihalogenated 
hydroxyquinoline,  to  form  a  hydroxyquinaldine,  improved  still  further  the 
bactericidal  and  fungicidal  action.^  A  substituted  product  known  as 


I  *This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Divi* 
I  *ioo  on  November  25,  1955. 
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Figure  1.  Chemical  structure  of  quinoline  and  related  compounds. 

chlorquinaldol,  a  yellow,  water-insoluble,  crystalline  powder  in  ointment 
form,  having  the  formula  5,7-dichloro-8-hydroxyquinaldine  (figure  1), 
was  applied  to  the  skin  and  found  to  be  a  safe,  effective,  and  nonsensi¬ 
tizing  remedy  for  staphylococcic  pyodermias  and  impetigo.®'*  Since  then,  i 
chlorquinaldol  has  been  widely  used  throughout  Europe  and  Great  Britain  f 
for  the  topical  treatment  of  bacterial  and  mycotic  dermatoses,  infectious  I 
eczematoid  dermatitis,  folliculitis,  impetigo,  pyodermia,  and  sycosis  I 
barbae.  It  was  recently  introduced  into  the  United  States,  where  it  has  ! 
gained  favor  in  dermatologic  therapy and  has  been  reported  to  be  a 
highly  effective  remedy  for  refractory  dermatoses  when  administered  in 
combination  with  hydrocortisone  acetate.  “  Despite  the  many  publications 
(46  in  all)  on  the  clinical  use  of  chlorquinaldol,  data  on  its  action  against 
pathogenic  fungi  are  limited  to  only  three  species:  Trichophyton  menta- 
grophytes,  Epidermophyton  lloccosum,  and  Candida  albicans. ' 

The  successful  use  of  oral  chlorquinaldol  (Sterosan*-Geigy)  for  the 
treatment  of  intestinal  diarrhea  and  amebiasis  in  Europe,  South  America, 

*The  international  trade  name  for  oral  Sterosan  is  Siosteran.  I 
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and  India  led  T.  Wegmann  et  al.  **  to  study  its  antibacterial  activity.  It 
was  found  to  be  highly  effective  against  gram-positive  bacteria,  but  less 
so  against  the  gram-negative  species.  R.  Brun  et  al.  **  noted  that,  in  the 
insoluble  form,  chlorquinaldol  was,  nevertheless,  the  most  active  of 
seven  antimycotic  chemicals  tested  against  Candida  albicans,  inhibiting 
this  organism  in  a  concentration  of  0.25  per  cent  (2500  /u.g./ml.).  Its 
activity  was  greatly  enhanced  by  solution  in  polyethylene  glycol  (14 
^g./ml.,  1:70,000).“  B.  A.  Shidlovsky  et  al.,^^  at  Harlem  Hospital, 
New  York,  N.  Y.,  administered  chlorquinaldol  orally  to  16  hospitalized 
patients  and  noted  that  it  reduced  the  yeast  population  of  the  stool  as 
much  as  72  to  99  per  cent,  and  the  bacteria  as  much  as  50  to  95  per  cent, 
without  toxic  effect.  Neomycin  appeared  to  potentiate  the  effect  of 
chlorquinaldol,  and  the  combination  was  considered  to  be  an  effective 
medication  for  presurgical,  intestinal  antisepsis.  The  increasing  need  of 
effective  therapy  for  the  control  of  monilial  superinfections  of  the  gastro¬ 
intestinal  tract,  resulting  from  broad  spectrum  antibiotic  therapy,  and 
the  lack  of  published  data  on  dilorquinaldol  in  vitro,  led  the  author  to 
investigate  the  activity  of  this  compound  in  greater  detail. 

Materials  and  methods.  The  method  employed  consisted  of  determining 
the  inhibition  of  growth  of  a  test  organism  in  a  liquid  medium  containing 
known  quantities  of  the  test  compound,  in  the  presence  and  absence  of 
sterile  horse  serum,  compared  with  tubes  containing  no  fungicide.  The 
fungistatic  concentration  was  determined  by  the  absence  of  bottom  sedi¬ 
ment  and  turbidity,  measured  visually,  and  by  means  of  a  photoelectric 
k11.  The  fungicidal  end  point  was  measured  periodically  by  absence  of 
growth  in  subculture  to  heart  infusion  blood  agar.  Culture  media  employed 
for  assay  were  as  follows: 

For  Candida  species,  dermatophytes,  systemic  pathogenic  fungi  and 
saprophytic  mold  and  actinomycetes  species:  Sabouraud  liquid  medium 
(Difco  Laboratories,  Inc.,  Detroit,  Mich.)  containing  1  per  cent  neopep¬ 
tone  and  2  per  cent  dextrose,  10  ml.  broth  to  each  tube. 

For  Micrococcus  species  and  gram-negative  rods:  Penassay  broth* 
(Difco). 

¥ or  Mycobacterium  tuberculosis:  Dubos*  medium  (Difco)  without  Tween 
or  albumin. 

Strains  of  Candida  species  and  other  fungi  were  maintained  on  Sabou¬ 
raud  dextrose  agar  (1  per  cent  neopeptone,  2  per  cent  dextrose),  species 
of  bacteria  on  heart  infusion  agar  slant,  and  Mycobacterium  tuberculosis 
onLowenstein-Jensen  medium.  The  standard  inoculum  of  Candida  species, 
yeast  phase  Blastomyces  dermatitidis,  Histoplasma  capsulatum,  Sporo- 
trichuw  schenckii,  and  bacteria  consisted  of  0.07  ml.  saline  suspensions 
adjusted  with  a  photoelectric  cell  to  50  per  cent  light  transmission  at 
650  m/i  (Lumetron  400-A,  red  filter).  This  represented  approximately 


'Contains  per  liter  of  medium:  beef  extract,  l.S  gm.;  yeast  extract,  l.S  gm,;  peptone, 
Spa.;  dextrose,  1  gm.;  Nad,  3.5  gm.;  KjHPOs,  3.68  gm.;  P1^P04,  1.32  gm.;  and  pH,  7.0. 
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1  X  10®  cells  of  Candida  organisms  and  1  x  10®  cells  of  Micrococm 
pyogenes  var.  aureus,  neither  of  which  imparted  detectable  turbidity  to 
the  broth.  Standard  inoculum  of  filamentous  molds  was  provided  by  a 
10  mm.  square  mat  of  mycelium  and  spores,  ground  with  5  ml.  sterile  " 
saline,  centrifuged  at  low  speed  to  remove  large  fragments,  and  planted 
in  0.1  ml.  quantities. 

Chlorquinaldol  is  poorly  soluble  in  water,  but  is  soluble  in  hot  alcohol, 
ethyl  acetate,  benzene,  petroleum  ether,  glacial  acetic  acid,  chloroform, 
strong  acids  and  alkalis,  polyethylene  glycols  and  other  carbowax  - 
esters,  and  mineral  oil.  Stable  solutions  of  chlorquinaldol,  containing 
1000  to  4000  /Lig./ml.,  were  prepared  in  5  per  cent  hydrochloric  acid  and 
in  polyethylene  glycol  200.*  Vioform  was  dissolved  in  similar  concen-  C. 
tration  in  the  latter  solvent.  Commercial  fungicides  “A,”  “B,”  "C,"  ^ 
“D,”  “E,”  and  in  liquid  form,  were  supplied  by  manufacturers  or  c 

purchased.  Nystatin  (Mycostatin,  Squibb)  was  dissolved  in  several  drops  ^ 
of  sodium  citrate,  70  per  cent  ethanol,  sterilized  by  filtration  through  UF 
glass  filter  and  adjusted  to  final  concentration  of  1460  units/ml.  (715  C 
Antimycotics  were  added  aseptically  with  a  calibrated  pipette  ^ 
to  achieve  final  concentrations  in  sterile  Sabouraud  liquid  media  of  1.5,  C 
3,  6,  10,  20,  and  40  /ng./ml.  Thirty-four  strains  of  Candida  albicans,  of  ^ 
recent  isolation  from  a  variety  of  human  sources,  such  as  the  blood  c 
stream,  nose  and  throat,  skin,  vagina,  bladder,  feces,  and  sputum,  and  ^ 
six  strains  from  the  American  Type  Culture  Collection  (ATCC),  Washing-  ^ 
ton,  D.  C.,  were  examined.  C 

Results  with  Candida  species.  Chlorquinaldol  was  fungistatic  to  C.  ^ 
albicans,  preventing  the  growth  of  a  standard  inoculum  in  Sabouraud  c 
liquid  medium  at  pH  7.2  at  levels  of  1.5  to  6  /ug./ml.,  and  was  fungicidal 
at  3  to  10  yLig./ml.  (tab  LE  1).  Results  obtained  at  37®  C.  and  20°  C.  were  q 
essentially  the  same.  Although  a  definite  strain  difference  in  sensitivity  C 
to  chlorquinaldol  was  encountered,  more  than  50  per  cent  of  the  strains  ^ 
were  killed  by  6  yug./ml.,  and  loss  of  fungicidal  activity  in  the  presence  c 
of  horse  serum  was  only  slight.  Modification  of  the  pH  from  4.5  to  7.4  did  ^ 
not  materially  alter  the  activity  of  chlorquinaldol.  It  is  of  interest  that  q 

Candida  stellatoidea,  considered  by  many  to  be  a  variant  of  C.  albicans,  C 

C 

*Carbide  and  Carbon  Chemicals  Company*  New  York*  N«  Y«  f  C 

«*<<A**:  Quatrasal  (Dome  Chemicals*  Inc.*  New  York*  N.  Y.)*  sallcylanilide*  5  per  cent;  ^ 
trimethyl  octadecyl  ammonium  pentachlorophenate  (Hyamlne  3258)*  1  per  cent;  end  C 
isopropyl  alcohol*  94  per  cent.  C 

Octophen  ^McKesson  and  Robbins*  New  York*  N.  Y.)*  8'hydroxyquinoline  ben-  ^ 
zoate*  **les8  than  5%’*  in  aqueous  alcohol  glycol  solution;  ethyl  alcohol*  48  per  cent. 

Desenex  (Wallace  and  Tieman  Products*  Inc.*  Belleville*  N.  J.)*  undecylenic  C 
acid*  10  per  cent;  triethanolamine*  propylene  glycol*  and  water.  C 

Decupryl  (Crookes  Laboratories*  Inc.*  Mineola*  N.  Y.)*  copper  undecylenate,  q 
10  per  cent*  undecylenic  acid*  5  per  cent;  dioctyl  sodiiim  sulfosuccinate*  43.25  per  cent; 
and  isopropyl  alcohol*  43.25  per  cent.  ^ 

**£*’:  Sopronol  (Wyeth  Laboratories*  Division  of  the  American  Home  Products  Corp..  C 
Inc.*  Philadelphia*  Pa.)*  sodium  propionate*  12.3  per  cent;  sodium  caprylate*  10  per  cent; 
propionic  acid*  2.7  per  cent;  dioctyl  sodium  sulfosuccinate*  0.1  per  cent;  and  n-propyl 
alcohol*  12.5  per  cent.  ti 

Asterol  (Hoffmann-LaRoche*  Inc.*  Nutley*  N.  J.)*  2-dimethylamino-6-(/3-diethyl* 
aminoethoxy)  benzothiazole  dihydrochloride  (Asterol  dihydrochloride),  5  per  cent;  and  ^ 
isopropyl  alcohol*  70  per  cent. 
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I  In  VITRO  Sensitivity  of  Candida  Species  to  chlorquinaldol 

;  (S.y-DICHLORO^-HYDROXYQUINALDINE)* 

1 

sterile 

i 

1 

Fungistatic 

Fungicidal 

lanted 

1 

concentration** 

c  oncentration*  * 

Organism 

Source 

f^/ml. 

iig./ml. 

h 

Without 

With  10% 

Without  ; 

With  10% 

conoi, 

serum 

horse 

serum 

horse 

of  ora. 

serum 

serum 

L 

OOW3X 

Candida  albicans 

MS  030 

6 

6 

10 

10 

Candida  albicans 

MS  026 

6 

6 

10 

10 

id  and 

Candida  albicans 

MS  070 

6 

6 

6 

10 

)ncen- 

.  Candida  albicans 

MS  107 

6 

3 

6 

6 

■  Candida  albicans 

MS  108 

3 

6 

3 

6 

L, 

Candida  albicans 

MS  118 

3 

3 

3 

6 

ersor 

Candida  albicans 

MS  124 

6 

3 

6 

6 

j 

Candida  albicans 

MS  144 

3 

3 

6 

6 

ps 

Candida  albicans 

MS  159 

3 

3 

6 

6 

5h  UF 

Cmdida  albicans 

MS  240 

3 

3 

6 

6 

(715 

^  Candida  albicans 

MS  313 

6 

6 

10 

6 

ipette  I 

1  Candida  albicans 

MS  156 

1.5 

3 

6 

6 

1  Candida  albicans 

MS  173 

6 

3 

10 

6 

f  1.5,  ! 

i  Candida  albicans 

MS  178 

3 

3 

6 

6 

IS  of  ^ 

1  Candida  albicans 

MS  412 

3 

3 

6 

1  Candida  albicans 

MS  452 

6 

6 

10 

6 

blood 

1  Candida  albicans 

MS  462 

10 

6 

10 

20 

,  and 

1  Candida  albicans 

MS  491 

6 

3 

10 

6 

;hing. 

<  Candida  albicans 

MS  563 

3 

3 

3 

3 

1  Candida  albicans 

MS  587 

3 

6 

6 

10 

Candida  albicans 

MS  712 

3 

3 

10 

10 

to  C. 

:  Candida  albicans 

MS  778 

3 

6 

6 

10 

Candida  albicans 

MS  788 

3 

3 

6 

10 

uraud 

Candida  albicans 

MS  005 

3 

6 

10 

20 

cidal 

Candida  albicans 

MS  055 

3 

3 

6 

10 

Candida  albicans 

MS  116 

6 

6 

10 

10 

were 

Candida  albicans 

MS  180 

3 

6 

10 

10 

tivity  1 

Candida  albicans 

1  MS  805 

6 

6 

6 

6 

,  ! 

1  Candida  albicans 

1  MS  808 

3 

6 

10 

10 

rains 

1  Candida  albicans 

MS  843 

6 

6 

6 

10 

.ence 

Candida  albicans 

MS  871 

6 

6 

6 

10 

4  did 

Candida  albicans 

MSK. 

3 

6 

10 

10 

Candida  albicans 

MS  P. 

6 

6 

10 

10 

ihflt  j 

Candida  albicans 

MSH. 

3 

6 

3 

6 

:ans, 

Candida  albicans 

1  ATCC  752 

3 

6 

6 

10 

I 

Candida  albicans 

ATCC  753 

1.5 

3 

6 

6 

Candida  albicans 

ATCC  2091 

3 

6 

6 

10 

c«nt; 

Candida  albicans 

ATCC  10231 

3 

6 

10 

20  • 

«d 

Candida  albicans 

ATCC  10259 

3 

6 

10 

10 

Candida  albicans 

ATCC  10261 

3 

3 

10 

10 

ben* 

Candida  Icnisei 

ATCC  6258 

20 

40 

20 

40 

lenic 

Candida  parakmsei 

Col.  30* 

20 

40 

20 

40 

nate 

Candida  tropicalis 

ATCC  7349 

20 

40 

20 

40 

cent; 

Candida  pseudotropicalis 

CoL  1780*** 

10 

40 

10 

40 

Candida  guilliermondii 

ATCC  9058 

6 

6 

10 

6 

orp., 

Candida  stellatoidea 

CoL  1776*** 

1.5 

3 

1.5 

3 

cent; 

ropyl 

*Acid  solutions  added  to 

Sabouraud^liquid  medium  (Difco),  to  give  required  concentre-  1 

tiont  of  chlorquinaldol.  incubated  at  37  C.  for 

12  days. 

thyl 

«id 

No  growth  inhibition  noted  in  controls  containing  an  equivalent  amount  of  HCl  without  I 

I 

•••Courtesy  of  Doctor  R.  W. 

Benham.  Columbia  University,  New  York,  N.  Y. 
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was  equally  sensitive  to  chlorquinaldol,  while  other  nonpathogenic 
Candida  species  were  more  resistant. 

Chlorquinaldol,  dissolved  in  polyethylene  glycol  200  rather  than  in  5 
per  cent  HCl,  maintained  its  high  activity  against  C.  albicans  and  was 
somewhat  more  effective  than  Vioform  in  the  same  solvent  (figure  2 
and  TABLE  2).  The  activity  of  both  fungicides  was  reduced  only  slightly 
by  the  presence  of  10  per  cent  horse  serum.  Concentrations  of  20  /ig./nil. 
of  chlorquinaldol  and  Vioform  required  from  5  to  12  days  to  sterilize  ai 
initial  inoculum  of  1  x  10^  living  cells  suspended  in  Sabouraud  liquid 
medium,  the  former  fungicide  being  the  more  active  of  the  two.  These 
results  would  tend  to  indicate  the  need  for  continued  contact  of  the 


DAYS  INCUBATION  AT  3TC 


Figure  2.  Fungicidal  effect  on  C.  albicans  of  chlorquinaldol  and  Vioform  in 
polyethylene  glycol  200  solvent,  at  20  Aig./nil.  concentrations,  in  Sabouraud 
liquid  medium,  determined  by  agar  plate  counts. 


Chlorquinaldol**  Vioform** 


/ij/mL  Days  incubation  at  37°  C.  Visual  Days  incubation  at  37°  C.  Visual 

_  turbidity - turbidity 

2  4  7  9  11  14  16  2  4  7  9  11  14  16 


!:0+  +  +  ++  +  +  +  +  +  +  ++  +  +  ♦ 

•One  loopful  transferred  to  agar  plate.  Primary  inoculum,  1  X  10*  cells  per  10  ml.  Sabou- 
fsid  liquid  medium.  Strain  No.  753. 

[  ••Solvent,  polyethylene  glycol  200,  no  growth  inhibition  noted  In  controls  containing  an 
f  equivalent  amount  of  polyethylene  glycol  without  fungicide. 
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by  agar  technique  is  reported  to  be  considerably  higher  for  the  dermato¬ 
phytes,  Trichophyton  gypseum  (mentagrophytes ),  however,  was  reported 
to  grow  in  glucose- peptone  broth  containing  undecylenic  acid  in  concen¬ 
tration  of  1/8000  (125  yLig./ml,)  and  was  induced,  after  five  transfers,  to 
tolerate  a  concentration  of  1/1800  (555  yu.g./ml.). Potassium  iodide 
exerted  no  inhibitory  effect  on  C.  albicans  in  concentrations  reaching 
25,000  /xg./ml.  (2.5  per  cent).  Mycostatin,  an  antifungal  antibiotic,  was 
relatively  stable  in  the  presence  of  horse  serum  and  continued  to  exert 
fungistatic  and  fungicidal  effect  on  C.  albicans  in  low  concentration  in 
Sabouraud  liquid  medium  at  37°  C.  for  a  period  of  30  days. 


Table  3 

Comparative  Inhibitory  Effects  of  Commercial  Fungicides 

ON  C.  ALBICANS* 


Fungicide 

Antifungal  substance 
in  fungicide,** 

Fungistatic 
concentration 
ME. /ml. 

Fungicidal 
concentration 
Mg. /ml. 

gm.  /ml. 

Without 

serum 

With  10% 
horse 

serum 

With  10% 
horse 

serum 

Chlorquinaldol 

5,7  dichloro-8- 
hydroxyquinaldine 
in  polyethylene 
glycol  200 

0.001 

1.5 

3 

6 

6 

Vioform 

5,7  dichloro-8- 
hydroxy  quinoline 
in  polyethylene 
glycol  200 

0,001 

4 

10 

4 

20 

Mycostatin*** 

Ethanol  solution 

0.0007 

21 

28 

35 

35 

“A” 

Salicylanilide 

0.05 

50^ 

250 

500 

500 

8-hydroxy  quinol  ine 
benzoate 

<0.05 

150 

50 

150 

50 

“C” 

Undecyleriic  acid 

0.10 

300 

300 

500 

"D” 

Copper  undecylenate 

0.10 

500 

mm 

Undecylenic  acid 

0.05 

250 

500 

■b 

“E” 

Sodium  propionate 

0.123 

615 

1230 

mm 

Sodium  caprylate 

0.100 

500 

1000 

mm 

Propionic  acid 

0.027 

135 

270 

270 

270 

..p.i 

2  dimethylamino-6- 
( /S-diethy  1  amino 
ethoxy)  benzothia- 
zole  dihydrochlo¬ 
ride 

0.05 

5000 

500 

KI 

Aqueous  solution 

0.05  (>25,000 

*Detemnined  by  subculture  from  Sabouraud  liquid  medium  Incubated  at  37  C.  for  11 
days.  Strain  No.  753. 


**From  stated  commercial  formulas. 

♦••Antifungal  antibiotic  derived  from  Streptomycee  nouraei  (Squibb). 

'IPor  example^  0.01  ml.  of  concentrated  liquid  fungicide  was  required  in  l^ml.  Sabou* 
raud  liquid  medium  to  kill  a  standard  inoculum  of  1  X  10^  cells  in  12  days  at  3/  C. 
the  active  substance  was  in  5  per  cent  concentration,  the  dose  of  fungicide  was  computed 
to  be  0.0005  gm.  in  10  ml.  or  50  ^g./ml. 
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demiato- 
reporttd 
concen- 
sfers,  to 
im  iodide 
reaching 
:ic,  was 
to  exert 
ation  in 


DBS  I 


cidal 

itration 

With  10% 
horse 
serum 


6 


20  = 
35 

500  = 

SO 

500 

>2000  = 
1000  E 

1230  ! 
1000  ■ 
270 


for  13 


.  Saboif 
.  Since  ^ 
wnputed 


Results  with  systemic  pathogenic  fungi.  Chlorquinaldol  was  inhibitory 
to  all  the  systemic  pathogenic  fungi  such  as  Coccidioides  immitis, 
Blastomyces  dermatitidis,  Blastomyces  brasiliensis,  Histoplasma  capsu- 
latuBi,  Cryptococcus  neoformans,  and  Nocardia  asteroides,  in  concentra¬ 
tions  ranging  from  1  to  10  and  the  presence  of  horse  serum 

failed  to  interfere  with  its  high  activity  (table  4).  Vioform  was  simi¬ 
larly  active.  In  view  of  the  (xal  tolerance  to  chlorquinaldol,*^  and  its 
high  in  vitro  antimycotic  activity,  additional  studies  on  the  use  of  this 


Table  4 

Fungal  Spectrum  of  Chlorquinaldol*  and  Vioform* 


Organism 

Source 

Minimal  inhibitory  concentration  in 
Mg. /ml.** 

1  Chlorquinaldol 

1  Vioform 

Without 

serum 

With  10% 
horse 

serum 

WltiiMUt 

serum 

With  10% 
horse 

serum 

Systemic  fungi*** 

Coccidioides  immitis 

MS  862 

6 

10 

10 

20 

Blastomyces  dermatitidis  (Y) 

MS  480 

3 

3 

3 

6 

Blastomyces  brasiliensis 

MS  52,100 

3 

6 

3 

6 

Histoplasma  capsulatum  (Y) 

ATCC  11,407 

1 

3 

6 

6 

Histoplasma  capsulatum  (M) 

ATCC  11,407 

3 

3 

6 

10 

Sporotrichum  schenckii  (Y) 

ATCC  8307 

6 

20 

10 

30 

Cryptococcus  neoformans 

MS-D 

3 

3 

6 

6 

Cryptococcus  neoformans 

MS-S 

10 

6 

6 

6 

Nocardia  asteroides 

MS 

10 

30 

10 

30 

Dermatophytes  r 

1 

20 

Microsporum  canis 

MS 

3  • 

10 

6 

Microsporum  audouini 

MS 

3 

6 

6 

20 

Microsporum  gypseum 

MS 

6 

10 

6 

20 

Trichophyton  mentagrophytes 

ATCC  10,270 

3 

3 

6 

6 

Trichophyton  rubrum 

Col.  4871 

3 

3 

6 

6 

Trichophyton  tonsurans 

ATCC  9194 

3 

6 

6 

10 

Trichophyton  sulfureum 

ATCC  10,870 

3 

3 

6 

6 

Trichophyton  schoenleinii 

ATCC  4822 

1 

3 

6 

6 

Trichophyton  violaceum 

NYSCtt 

3 

3 

3 

3 

Trichophyton  megnini 

ATCC  7214 

1 

3 

6 

6 

Trichophyton  gallinae 

Col.  ttt 

3 

3 

3 

6 

Epidermophyton  floccosum 

CDC-A  334 

1 

6 

6 

6 

Saprophytes  + 

Altemaria  solani 

NRRL  2168 

10 

- 

- 

Aspergillus  niger 

NRRL  3 

5 

- 

- 

Aspergillus  ochraceous 

MS 

10 

- 

Fusarium 

MS 

10 

- 

Hansenula  anomala 

NRRL  Y2153 

5 

- 

Hebninthosporium 

NRRL  1680 

10 

- 

Penicillium  chrysogenum 

NRRL  1951 

10 

- 

Streptomyces 

MS  1672 

10 

- 

• 

^Solvent,  polyethylene  glycol  200,  Sabouraud  liquid  medium. 

••No  growth  inhibition  noted,  in  controls  containing  an  equivalent  amount  of  polyethy¬ 
lene  glycol  200,  without  fungicide. 

•••Incubated  at  3?"  C.  for  30  days. 

•incubated  at  20  C.  for  30  days. 

"Courtesy  C.  L.  Taschdjlan,  New  York  Skin  and  Cancer  Hoapital,  New  York,  N.  Y. 
"•Courtesy  Doctor  M.  Silva,  Columbia  University,  New  York,  N.  Y. 
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fungicide  and  its  derivatives  would  appear  warranted  in  the  treatment  cl 
human  and  animal  systemic  mycotic  infections. 

Little  is  known  of  the  pharmacology  of  chlorquinaldol,  although  the 
statement  has  been  made  that  “chlorquinaldol  administered  orally  is 
virtually  all  recovered  in  the  stool.  None  of  the  compound  could  be 
detected  in  the  blood  by  available  chemical  methods."*’  A  similar  state¬ 
ment  had  been  made  for  Diodoquin,  however,  before  it  was  demonstrated 
that  blood  iodine  level  rose  considerably  following  the  oral  ingestion  of 
the  compound.  *  Laboratory  animals  tolerate  large  quantities  d  chlct- 
quinaldol  orally.  LD^^j  values  are  reported  as  follows*’:  rat,  3100  mg./kg., 
mouse,  500  mg./kg.;  guinea  pig,  50  mg./kg.;  and  dog,  over  1000  mg.Ag. 
Studies  of  compounds,  related  chemically  to  chlorquinaldol,  reveal  the 
formation  of  metabolites  in  the  intact  animal.  Thus,  small  intravenous 
doses  of  quinoline  in  dogs  were  excreted  as  3-hydroxyquinoline’°;  incu¬ 
bation  of  rabbit  liver  extract  with  quinoline  yielded  2-hydroxyquinoline*'; 
and  oral  administration  of  quinoline  to  rabbits  caused  the  excretion  of 
3-hydroxy-, 2, 6-  and  5,6-dihydroxyquinoline  in  the  urine.” 

Results  with  dermatophytes.  Representative  species  of  Microsponm, 
Trichophyton,  and  Epidermophyton,  including  such  clinically  resistant 
species  as  Trichophyton  rubrum  and  Trichophyton  violaceum,  were  found 
to  be  uniformly  sensitive  to  chlorquinaldol  (table  4).  In  view  of  the 
relatively  slow  destruction  of  C.  albicans  by  chlorquinaldol,  as  noted 
previously,  it  was  applied  topically  and  continuously  as  a  3  per  cent 
cream  to  10  patients  with  infectious  dermatitis,  tinea  corporis,  tinea 
pedis,  and  onychomycosis.  Chlorquinaldol  proved  to  be  an  effective  and 
well-tolerated  remedy  (figure  3). 

All  investigators  agree  that  in  vitro  activity  of  an  antifungal  compound 
does  not  necessarily  reflect  its  true  therapeutic  value  as  a  dermatologic 
remedy,”’^  and  in  vivo  tests  in  young  rabbits”  and  guinea  pigs’*  have 
been  recommended  in  its  place.  While  animal  techniques  are  undoubtedly 
of  great  value,  the  most  accurate  evaluation  of  an  antifungal  dermatologic 
remedy  is  made  on  the  patient  himself.  Many  factors  other  than  the  io 
vitro  and  animal  in  vivo  activity  influence  the  success  of  a  dermatologic 
antifungal  agent.  These  include  properties  of  the  antifungal  compound 
such  as  its  mode  of  action,  penetrability,  solubility,  toxicity,  activity  in 
the  presence  of  serum  and  blood,  fungal  and  bacterial  spectra,  and 
sensitizing  action.  For  the  patient,  the  success  of  antifungal  treatment 
de[>ends  on  his  age,  sex,  and  racial  stock,  as  well  as  the  species  of  in¬ 
fecting  organism,  the  location  of  infection  in  the  hairy  or  glabrous  skin 
or  nails,  the  presence  of  secondary  bacterial  infection,  venous  incompe¬ 
tency  and  varicosities,  the  nutrition  of  the  skin,  and  the  presence  of 
underlying  disease.  No  single  laboratory  technique  can  accurately  assay 
the-  true  value  of  an  antifungal  agent  for  dermatologic  use.  In  vitro  studies 
are  indispensable  in  order  to  characterize  the  chemical  and  biological 


venous 


Figure  3.  Clinical  effectiveness  of  chlorquinaldol  for  mycotic  dermatoses, 
(A)  Persistent  Trichophyton  mentagrophytes  infection  of  the  plantar  surface  of 
the  foot  before  therapy  with  chlorquinaldol.  (B)  Three  weeks  after  continuous 
contact  with  3  per  cent  chlorquinaldol  cream.  (C)  Trichophyton  rubrum  infection 
of  the  dorsum  of  the  foot  which  had  existed  for  four  years  in  a  50-year-old  woman 
with  venous  incompetency,  dyshidrosis  and  secondary  staphylococcal  infection, 
before  therapy  with  chlorquinaldol.  (D)  Three  weeks  after  continuous  contact 
with  3  per  cent  chlorquinaldol  cream  and  compression  bandages  to  the  extremity. 


m 
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potential  of  the  agent  and  the  mechanism  of  its  action  and,  if  usd 
properly,  can  be  of  great  value  in  the  ultimate  evaluation  of  fungicidal 
agents.  In  this  case,  chlorquinaldol  was  not  only  highly  active  in  vitro, 
but  also  proved  to  be  clinically  effective  for  dermatologic  disorders. 

Results  with  fungal  species  saprophytic  to  man.  Antifungal  activity  ol 
chlorquinaldol  was  investigated  for  representative  species  of  eight  genera 
of  fungi  (table  4).  Species  of  Streptomyces  and  Helminthosporium,  the 
latter  a  mold  causing  turf  disease,  were  inhibited  by  10  /ig./ml.  in 
Sabouraud  liquid  medium. 

The  low  o'al  and  cutaneous  toxicity  of  chlorquinaldol  to  man  and  its 
high  antifungal  activity  suggest  its  use,  either  in  its  present  form  or  as 
a  derivative,  as  an  agricultural  fungicide  in  the  citrus,  seed,  and  food 
industries.  The  successful  use  of  chlorquinaldol  as  an  antimildewing 
agent  for  paints,  leathers,  textiles,  plastics,  woods,  and  soaps  would 
require  confirming  studies.  Copper-8-quinolinolate,  chemically  similar 
to  chlorquinaldol,  since  it  consists  of  two  8-hydroxyquinoline  molecules 
chelated  with  copper,  is  already  an  outstanding  antimildewing  agent  for 
textiles,  leather,  plastics,  and  wood,  but  causes  discoloration.^^ 

Mechanism  of  action  of  chlorquinaldol.  The  fungistatic  action  of 
8-hydroxyquinoline  was  attributed  by  G.  A.  Zentmyer^  to  its  ability  to 
chelate  with  metallic  cations  such  as  Fe,  Cu,  Mn,  and  Zn.  In  fact, 
8-hydroxyquinoline  dissolved  in  a  water-immiscible  solvent  is  commonly 
used  as  a  reagent  for  the  removal  of  metallic  cations  from  water.  A 
chelate  complex  was  described  by  A.  Albert^*  as  occurring  when  the 
metal  cation  formed  a  new  ring  with  hydroxyquinoline  by  linking  simul¬ 
taneously  with  the  phenolic  oxygen  of  the  molecule,  through  a  primary 
valence  and  with  the  nitrogen,  by  coordination. 


Zinc  complex  of  8-hydroxyquinoline  (after  Albert “) 
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if  used  I  A  correlation  was  observed  between  the  chelating  power  of  the  com- 
gicidal  I  pound  and  its  antibacterial  activity,  and  chelation  was  thought  to  occur 
•  vitro,  I  at  the  bacterial  surface.^®  There  is  evidence  that  chelators  may  also 
s.  I  inhibit  enzyme  activity.  In  addition  to  the  demonstrated  effect  of  the 
vity  of  cation  Zn  on  the  activity  of  8-hydroxyquinoline,®  Fe  and  Cu  reverse  the 
genera  i  fungicidal  activity  of  copper-8-quinolinolate,“  a  chemically  related 
(iri,  the  I  compound. 

ml.  in  I  Experiments  with  chlorquinaldol  in  Sabouraud  liquid  medium,  seeded 
with  a  standard  inoculum  of  C.  albicans,  revealed  a  similar  reversing 
md  its  I  effect  by  Fe  (table  5).  The  fungicidal  activity  of  chlorquinaldol  in  a 
1  or  as  20  /ig./ml.  concentration  was  reversed  completely  by  2.8  fig./ml.  Fe, 
d  food  t  added  as  ferrous  chloride.  It  is  of  interest  that  the  activity  of  chlor- 
lewing  f  quinaldol  was  not  reversed  either  by  washed  human  erythrocytes  or  by 
would  I  whole  human  blood  until  inorganic  iron  was  added.  A  second  mechanism 
similar  .  that  might  account  for  the  high  activity  of  chlorquinaldol  may  be  in  its 
ecules  i  function  as  an  antimetabolite,  for  examination  of  the  pyridine  half  of  the 
;nt  for  I  molecule  reveals  a  striking  similarity  to  nicotinic  acid  and  pyridoxine 
I  (figure  1).  The  organism  may  metabolize  the  compound,  only  to  be 
ion  of  I  killed  by  the  toxic  halogenated  phenol  ring. 

lity  to  S  Induced  resistance  of  C.  albicans  to  chlorquinaldol.  The  conclusion 
fact,  that  dermatophyte  species  could  be  made  somewhat  resistant  to  fatty 
monly  |  acids®'*’’®*  was  confirmed  by  E.  Grunberg  and  E.  Titsworth,  who 
ter.  A  demonstrated  a  fourfold  increased  resistance  by  Trichophyton  mentagro- 
m  the  I  fhytes  and  Microsporum  canis  to  undecylenic  acid,  and  a  16-  to  32-fold 
simul-  ixrease  to  Asterol.  This  is  of  a  lower  order  than  usually  encountered 
rimary  ;  with  antibiotics,  against  which  many  organisms  may  become  highly  re- 
I  sistant  or  insensitive. 

I  Tubes  of  Sabouraud  liquid  medium  containing  chlorquinaldol  and  Vio- 

Table  5 


I  The  Reversing  Effect  of  Fe  on  the  Fungicidal  Activity  of 
'  Chlorquinaldol  on  C.  albicans* 


i 

Micrograms  per  ml. 

FeClj.4H,0  Fe 

Chlorquinaldol  Mg-Zml.  in 

0  3  6  10 

SLM* 

20 

j  Chlorquinaldol  control 

0 

0 

- 

- 

- 

- 

10 

2.8 

+ 

+ 

+ 

+ 

+. 

50 

14.0 

+ 

+ 

+ 

+ 

Washed  human  erythrocytes 

0.5  ml./ 10  ml.  SLM 

0 

0 

+ 

+ 

- 

- 

- 

10 

2.8 

:  + 

+ 

•f 

+ 

+ 

50 

14.0 

+ 

+ 

+ 

+ 

Whole  citrated  human  blood 

1  ml./ 10  ml.  SLM 

0 

0 

+ 

+ 

+ 

- 

- 

10 

2.8 

+ 

+ 

+ 

+ 

50 

14.0 

+ 

+ 

+ 

+ 

+ 

•Twelve  days  incubation  at  37°  C.  in  Sabouraud  liquid  medium  (SLM).  Results  are  ex- 
Passed  as  grovsrth  on  subculture  from  SLM.  Standard  C.  atbicsns  inoculums  Solvent  for 
dilorquinaldoL  polyethylene  glycol  200. 
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Table  6  | 

I 

Induced  Resistance  of  C,  albicans*  to  Chlorquinaldol  t 

AND  ViOFORM  | 

- _ I; 

Number  of  passages  —  fungicidal  concentrations  ^ 


0  2  4  6  8 


Chlorquinaldol,  fig. /mi.  33333  3  4  4  44| 

Vioform,  fig. /ml,  4  4  4  5  5  5  8  10  10  10  | 

‘‘'Strain  No.  753  in  Sabouraud  liquid  medium  at  37^  C.  Solutions  of  fungicides  in  poly*  - 
ethylene  glycol  200.  ^ 

? 

form  in  graded  concentrations  from  0  to  15  /zg./ml.  were  inoculated  with 
a  strain  of  C.  albicans  and  incubated  at  37®  C.  The  tube  with  the  highest 
drug  concentration,  showing  growth  turbidity  of  at  least  50  per  cent  light 
transmission  with  the  Lumetron,  was  selected  for  the  next  72-hour  sub¬ 
culture  and,  in  each  instance,  0.2  ml.  was  transferred  (table  6).  Induced  ' 
resistance  of  C.  albicans  proved  to  be  of  a  low  order,  for  the  fungicidal 
concentration  increased  less  than  onefold  for  chlorquinaldol  and  between 
two  and  threefold  for  Vioform  after  25  passages.  > 

Results  with  bacteria.  One  of  the  prime  advantages  of  substituted 
hydroxyquinolines  over  other  agents  is  their  activity  against  both  bacteria  I 
and  fungi.  The  beneficial  effects  of  chlorquinaldol  on  staphylococcic 
pyodermias  and  impetigo  have  been  previously  noted.  Since  mycotic 
dermatoses  are  often  complicated  by  bacterial  infection,  fungicidal 
agents  of  this  group  will  most  likely  find  the  greatest  favor  over  agents  j 
with  purely  fungicidal  action.  Chlorquinaldol  exhibited  strong  bacteri-  j 
ostatic  activity  against  Micrococcus  pyogenes  vat,  aureus  and  albas,  !, 
but  was  less  active  against  several  Salmonella  species  (table  7).’ 

Table  7  j 

Antibacterial  Activity  of  Chlorquinaldol  I 


*No  growth  inhibition  noted  in  controis  containing  an  equivalent  amount  of  HCl  or  poly  L 
ethylene  glycol  200,  without  chlorquinaldol.  0  f 

**In  Penassay  broth,  acid  aolutlon  of  chlorquinaldol,  seven  days  incubation  at  37  C.  f 
subcultured  to  heart  infusion  blood  agar. 

***In  Dubos*  njfdlum  without  Tween  or  albumin,  acid  solution  of  chlorquinaldol,  16  dajri  ^ 
incybation  at  37  C.,  subcultured  to  Lowenstein-Jensen  medium.  1 

'bacteriostatic  at  20  jUg./ml.  and  bactericidal  at  40  flg./nd.  with  polyethylene  glycol  j 
200  as  the  solvent.  L 
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Horse  serum  diminished  this  activity  twofold  to  fourfold.  One  strain  of 
Hycobacteritim  tuberculosis,  a  recent  isolate  from  a  patient,  was  highly 
sensitive  in  vitro  to  chlorquinaldol  (table  7).  This  fact,  together  with 
F.  Tison’s^*  observation  that  iodochloroxyquinolin,  closely  related  to 
chlorquinaldol,  exerted  a  “remarkable”  and  beneficial  synergistic  effect 
with  streptomycin  when  both  were  administered  to  tuberculous  guinea 
pigs,  indicates  a  new  source  of  pharmaceuticals  of  high  tuberculostatic 
activity  that  is  worthy  of  further  investigation.  Vioform  dissolved  in 
polyethylene  glycol  200  was  bacteriostatic  for  Micrococcus  pyogenes 
var.  aureus  at  20  /i.g./ml.  and  bactericidal  at  60 

Sunmary 

Chlorquinaldol  (5,7-dichloro-8-hydroxyquinaldine),  a  substituted  quino¬ 
line  derivative,  has  been  found  to  possess  high  in  vitro  antifungal 
activity  for;  (1)  all  of  the  systemic  pathogenic  fungi,  including  Candida 
albicans,  Coccidioides  immitis,  Histoplasma  capsulatum,  Blastomyces 
dermatitidis,  Blastomyces  brasiliensis,  Sporotrichum  schenckii,  Nocardia 
asteroides,  and  Cryptococcus  neoformans;  (2)  representative  species  of 
Hicrosporum,  Trichophyton,  and  Epidermophyton  genera;  and  (3)  a  number 
of  phytopathogenic  molds  and  actinomycetes.  It  is  also  effective  as  an 
antibacterial  agent  for  species  of  Micrococcus,  Escherichia,  and  Salmo¬ 
nella,  and  was  noted  to  be  inhibitory  in  vitro  for  Mycobacterium  tuber¬ 
culosis.  The  fungicidal  activity  of  chlorquinaldol  was  reversed  by  the 
addition  of  minute  quantities  of  Fe,  lending  support  to  the  concept  of 
chelation  as  the  mechanism  of  its  action.  The  antifungal  activity  of 
chlorquinaldol  was  only  slightly  diminished  by  horse  serum,  washed 
human  erythrocytes,  and  human  blood.  Induced  resistance  of  C.  albicans 
to  chlorquinaldol  was  less  than  onefold  greater  than  the  original  value. 
The  topical  application  of  a  chlorquinaldol  medicament  was  well  toler¬ 
ated  and  effective  in  curing  a  number  of  cases  of  mycotic  dermatoses. 
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SECTION  OF  ANTHROPOLOGY 

NATIVE  PAINTINGS  OF  ISLETA  PUEBLO,  NEW  MEXICO* 

By  Esther  S.  Goldfrank 

Chinese  History  Project,  Columbia  University,  New  York,  N,  Y. 

Participant  observation,  the  most  highly  recommended  field  technique, 
has  never  been  possible  for  ethnologists  working  in  the  Rio  Grande 
Indian  pueblos  of  New  Mexico.  More  latitude  has  existed  in  Hopi  and 
Zuni,  and  it  is  no  accident  that  the  bulk  of  our  documentation  on  Pueblo 
society  comes  from  them. 

Isleta,  a  southern  Tiwa  pueblo  with  a  population  of  a  little  over  1000, 
has  been  notoriously  difficult  of  access.  Charles  Lummis,  who  lived 
there  for  five  years  at  about  the  turn  of  the  century,  never  entered  ac¬ 
tively  into  the  life  of  the  Isletans.  His  writings  are  meager  and  certainly 
not  comparable  to  A.  M.  Stephen’s  detailed  journal  of  his  Hopi  experi¬ 
ence.  But  they  are  important  because  we  have  so  little  else. 

In  1925,  Doctor  Elsie  Clews  Parsons  asked  me  to  “crack”  Isleta  io 
one  month!  After  nine  days  of  frustration,  I  found  one  man  willing  to  talk, 
but  our  meetings  were  made  so  difficult  by  members  of  the  community 
that  we  were  fcxced  to  continue  them  in  Albuquerque,  13  miles  away.  Sir 
months  later.  Doctor  Parsons  returned  to  the  Southwest  and  to  the  in¬ 
vestigation  of  Isleta.  Except  for  a  Laguna  immigrant,  her  only  majoi 
contact  was  with  the  one  man  1  had  worked  with  previously!  It  was  pri¬ 
marily  on  the  basis  of  her  interviews  with  him,  which  were  also  con¬ 
ducted  “off  campus,”  that  she  wrote  her  Isleta,  New  Mexico,  which  was 
published  in  the  47th  Annual  Report  of  the  Bureau  of  American  Ethnology, 
Washington,  D.  C. 

I  tell  all  this  to  underline  the  difficulties  that  have  beset  research  in 
the  Rio  Grande  pueblos  as  well  as  to  point  up  the  extraordinary  way  in 
which  this  collection  of  pointings  came  into  being. 

In  1936,  a  copy  of  Doctor  Parson’s  Isleta  monograph  fell  into  the 
hands  of  an  Isletan  townsman,  who  thereupon  wrote  the  Bureau: 

“I  have  read  the  magazine  printed  by  Washington  in  1932.  The  histay 
is  true  and  exact,  but  the  pictures  to  complete  it  are  missing.  I  have 
drawn  some  of  them.... 

“These  drawings  yon  will  never  see  anywhere  because  no  one  could 
do  them,  it  is  too  hard.  They  are  afraid  to  die  if  they  do  them.  I  don’t 
want  any  soul  to  know  as  long  as  I  live  that  I  have  drawn  these  pictures. 
1  want  good  satisfaction  because  they  are  valuable  and  worth  it.  They 
are  most  secret.  No  one  can  see  them  but  Indians  who  believe. 

*ThiB  paper,  illustrated  with  Kodachrome  slides,  was  presented  at  a  meeting  of  tls 
Section  on  November  28,  1955. 
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“1  have  no  way  of  making  a  living,  no  farm....  If  I  had  some  way  to  get 
help  in  this  world  I  would  never  have  done  this.  I  exprect  to  get  good 

Uip.” 

Doctor  Parsons  gave  him  “good  help,"  not  only  for  subsistence,  but 
to  travel  around  to  ceremonies  at  Zuni  and  among  the  Navaho,  to  i>artici- 
=  pate  in  fiestas  and  to  make  Christmas  presents  in  his  home  village.  Their 
j  relationship  continued  for  five  years  (Doctor  Parsons  has  preserved  their 
correspondence),  and  it  resulted  in  more  than  150  pointings  that  have 
I  been  compared  by  some  exprerts  to  early  Persian  compositions.  But  it  is 
'  as  ethnographic  records  of  a  living  and  still  almost  completely  inacces- 
"  sible  culture  that  the  paintings  are  piarticularly  valuable. 

;  Description  is  no  substitute  for  seeing  but,  since  the  pictures  cannot 
!  be  reproduced  here,  I  should  like  to  indicate  briefly  something  of  their 
I  quality  and  scop>e. 

j  All  the  paintings  are  water  colors  on  ordinary  white  drawing  pap>er. 
.  They  constitute  a  record  of  many  aspects  of  Pueblo  life  that  are  only 
I  binted  at,  if  they  are  mentioned  at  all,  in  the  published  material.  They 
'  furnish  fresh  evidence  of  the  close  interlocking  of  the  secular  and  re- 
■  ligious  life  of  the  Pueblo  people.  They  tell  with  a  frankness  that  is  most 
-unusual,  and  with  great  honesty  and  charm,  one  man’s  understanding  of 
^  the  forces  that  mold  Pueblo  belief  and  behavior.  We  are  led  through  his 
efforts  to  comprehend,  more  clearly  than  ever  before,  the  ordinary 
man’s  relation  to  nature,  to  his  gods,  and  to  his  fellows;  and  we  are 
made  aware  of  pueblo  attitudes  that  are  projected  unconsciously,  but 
.  with  a  definition  that  no  texts  thus  far  have  matched. 

;  Included  in  this  collection  are  numerous  scenes  from  inside  the  kivas, 

,  the  ceremonial  chambers.  We  see  how  such  a  chamber  is  arranged,  where 
'  the  benches,  posts,  and  fireplace  are  located.  We  see  how  the  altars  and 
paraphernalia  are  set  up.  We  see  the  window  through  which  the  sun  enters 
daily,  where  the  scalps  of  slain  enemies  are  kept  and  how  they  are 
treated  and  prepared  for  the  scalp  dance.  We  see  the  paintings  on  the 
vails  of  the  kiva  of  the  Laguna  Fathers,  so  interesting  to  compare  with 
the  ancient  Awatovi  murals  that  have  recently  been  made  available 
through  a  publication  of  the  Peabody  Museum,  Harvard  University,  Cam¬ 
bridge,  Mass. 

The  pictures  of  outside  activities  are  equally  instructive.  We  see  how 
the  priest  leaders  of  the  village  plant  prayer  sticks  in  the  irrigation  ditch 
before  the  water  is  let  in.  We  see  the  ceremonial  preparations  for  the 
rabbit  hunt  and  for  the  winter  dances;  how  cures  are  conducted,  and  how 
nonconformers  are  punished.  We  see  representations  of  the  sacred  ear  of 
com,  and  of  two  stone  fetishes,  human  in  shape  and  adorned.  We  see  how 
a  child  is  born  and  a  man  is  buried.  We  see  the  merging  of  Pueblo  and 
Plains  elements  as  well  as  Pueblo  and  Catholic  elements. 

To  explain  the  paintings.  Doctor  Parsons  has  added  important  notes 
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on  each  drawing  based  on  her  correspondence  with  the  artist  and  heron 
extensive  knowledge  erf  the  Southwest.  She  has  also  written  a  short  it 
troduction  giving  significant  facts  on  Isleta  and  her  relations  to  the 
artist. 

The  paintings  and  comments  constitute  a  unique  record  of  Isleta  life 
It  scarcely  needs  saying  that  such  a  record  should  be  made  available  as 
quickly  as  possible  to  scholars  interested  in  Pueblo  culture  and  society 
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CONFERENCES  HELD 
SECTION  OF  BIOLOGY 

SOME  PROTOZOAN  DISEASES  OF  MAN  AND  ANIMALS: 
ANAPLASMOSIS,  BABESIOSIS  AND  TOXOPLASMOSIS 


Ttiursday,  November  17  and 
Friday,  November  18,  1955 


Conference  Chairman:  Clarence  R.  Cole 
The  Ohio  State  University,  Columbus,  Ohio 


THURSDAY,  NOVEMBER  17,  1955 
ANAPLASMOSIS 

'  Session  Chairm,an:  Paul  L.  Piercy 

University  of  Georgia,  Athens,  Ga. 

j  900  A.M.  - 

1  Greetings  from  the  Academy  —  Hilary  Koprowski,  Chairman,  Section  of 
j  Biology,  New  York  Academy  of  Sciences,  New  York  City;  Lederle  Labo- 
j  ratories  Division,  American  Cyanamid  Company,  Pearl  River,  N.  Y. 

i  Introductory  Remarks  —  Clarence  R.  Cole,  Conference  Chairman,  The 
4  Ohio  State  University,  Columbus,  Ohio. 

^  “Manifestations  and  Diagnosis  of  Anaplasmosis”  —  Hubert  Schmidt, 
Texas  A.  &  M.  College,  College  Station,  Tex. 

>1 

j  “The  Status  of  the  Complement  Fixation  Test  for  the  Diagnosis  of 
j  Anaplasmosis  in  1955”  —  Daniel  W.  Gates  and  T.  0.  Roby,  Animal 
[  Disease  and  Research  Branch,  U.  S.  Department  of  Agriculture,  Belts- 
f  ville,  Md. 


1  "Transmission  of  Anaplasmosis”  —  Paul  L.  Piercy,  University  of 
I  Georgia,  Athens,  Ga. 

I  "Prevention  and  Treatment  of  Anaplasmosis”  —  J.  G.  Miller,  University 
I  of  Michigan,  Ann  Arbor,  Mich. 

I 

I  BABESIOSIS 

ij  Session  Chairman:  D.  A.  Sanders 

I  Florida  Agricultural  Experiment  Station,  Gainsville,  Fla. 
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2:00  P.M.  j 

“Classification,  Biology,  and  Transmission  of  Babesia  of  Domestic! 
Animals”  —  W.  0.  Neitz,  Department  of  Tropical  Diseases,  Faculty  ol 
Veterinary  Science,  Onderstepoort,  South  Africa. 

“Babesioidea  in  Erythrocytes  of  Cold-blooded  Vertebrates”  -  Sophie 
Jakowska,  The  College  of  Mount  St.  Vincent,  New  Ycxk,  N.  Y.,  and  Ross 
F.  Nigrelli,  New  York  Zoological  Society,  New  York,  N.  Y. 

L» 

“Manifestations  and  Diagnosis  of  Babesia  Infection  in  Domestic  Animals" 

—  W.  D.  Malherbe,  Department  of  Medicine,  Faculty  of  Veterinary  Science,  ^ 
Onderstepoort,  South  Africa. 

“Treatment  and  Control  of  Babesiosis”  —  James  Carmichael,  Ongat, 
Essex,  England.  Ab 

As 

Bi 

FRIDAY,  NOVEMBER  18,  1955  ^ 

TOXOPLASMOSIS 

Session  Chairman:  Floyd  S.  Markham 
Lederle  Laboratories  Division,  American  Cyanamid  Company  B 
Pearl  River,  New  York  ® 

9:00  A.M.  -  g 

“Propagation,  Morphology  and  Biology  of  Toxoplasma  gondii"  —  Leon 
Jacobs,  U.  S.  Department  of  Health,  Education  and  Welfare,  National  |  ® 
Institutes  of  Health,  Bethesda,  Md.  E 

E 

“Manifestations  of  Toxoplasmosis  in  Domestic  Animals”  —  Clarence  R. 
Cole,  The  Ohio  State  University,  Columbus,  Ohio.  * 

“Congenital  Human  Toxoplasmosis”  —  H.  E.  Feldman,  State  University  * 
of  New  York,  Syracuse,  N.  Y.  ( 

“Toxoplasmosis  Acquisita  Lymphonodosa;  Clinical  and  Pathological  < 
Aspects”  —  J.  Chr.  Siim,  State  Serum  Institute,  Copenhagen,  Denmark.  ' 

2:00  P.M.  - 

“Laboratory  Diagnosis  of  Toxoplasmosis”  —  H.  Eichenwald,  Cornell 
Medical  College,  New  York,  N.  Y. 

“Pathogenesis  of  Toxoplasmosis  and  of  Infections  with  Organisms  Re¬ 
sembling  Toxoplasma”  —  J.  K.  Frenkel,  University  of  Kansas  Medical 
Center,  Kansas  City,  Kans. 

“Treatment  of  Toxoplasmosis”  —  Don  E.  Eyles,  National  Institutes  of 
Health,  Memphis,  Tenn.  i 
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d  Ross  !  George  B. ,  M.D.,  Medicine.  Assistant  Medical  Director,  Eqiiitable 

ilife  Assurance  Society  of  the  U.S,,  New  York,  N.  Y. 

Lachance,  Wilfrid,  M.D. ,  Bacteriology.  Director,  Laboratories,  Hotel  Dieu  St. 
imals”  j  Valuer  Hospital,  Chicoutimi,  P.Q.,  Canada. 

I  Lin.  Ming  Kun,  M.D.,  Anesthesiology.  Research  Fellow,  Anesthesiology,  Bellevue 
:  Hospital,  New  York,  N.  Y. 
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Abolins,  Leo,  Mag.  rer.  nat.  habil..  Comparative  Endocrinology.  Professor,  Insti* 
=  tute  of  Zoophysiology,  University  of  Uppsala,  Uppsala,  Sweden, 
f  Ask-Upmark,  Karl  Erik,  M.D.,  Medicine,  Neurology.  Head,  Department,  Medicine, 
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}  Baker,  Lenox  D. ,  M.D.,  Orthopaedic  Surgery.  Professor,  Orthopaedic  Surgery, 
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I  Barboriak,  Joseph  J.,  Ph.D.,  Nutrition.  Research  Assistant,  Yale  University, 
j  New  Haven,  Conn. 

IBardwell,  Charles  R. ,  M.D.,  Cardiac  Diseases.  Private  Practice,  Emden,  Ill. 
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Physiology,  Queen’s  College,  Dundee,  Scotland. 

Bert,  Mark  Henry,  Ph.D.,  Biochemistry.  Research  Assistant,  Head,  Chemist, 
I  Wirthmore  Research  Laboratory,  Chas.  M.  Cox  Company,  Boston,  Mass. 

I  Blechman,  Harry,  D.  D.S.,  Microbiology.  Associate  Professor,  Chairman,  Depart- 
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Bohm,  Victor,  A.I.A.,  Psychology  of  Art.  Airchitect,  New  York,  N.Y. 

I  Burton,  Jack  F.,  M.D.,  Cancer.  Research  Pathologist,  Auckland  Hospital,  Auck- 

iland.  New  Zealand. 

Ctbral,  Concetta  Bellini,  Ph.D.,  Microbiology.  Assistant  Professor,  Biology, 

IAdelphi  College,  Garden  City,  N.Y. 

Comstock,  Eric  G.,  M.A. ,  Bacteriology.  Student,  Baylor  College  of  Medicine, 
Houston,  Tex. 

Cooper,  George  William,  M.A.,  Nutrition.  Biologist,  Food  Research  Laboratories 
Inc.,  Long  Island  City,  N.Y. 

I  Cummins,  R.,  M.D. ,  Surgery.  Private  Practice,  Ticonderoga,  N.Y. 

I  Des  Prez,  Roger,  M.D.,  Medicine.  Assistant  Resident,  Medicine,  The  New  York 
Hospital,  New  York,  N.Y. 

!!  Duffy,  Ruth  Edna,  M.D.,  Medicine.  Medical  Director,  Devereux  Schools,  Devon, 
Pa. 

Eisenstein,  Reuben,  M.D. ,  Pathology.  Head,  Section,  Cytology,  Army  Chemical 
Center,  Md. 

I  Fernando,  Manuel  M.,  M.D.,  Medicine,  Surgery.  Assistant,  Pathology,  Doctors 
I  Hospital,  Cleveland  Heights,  Ohio. 

^  Foraker,  Alban  G. ,  M.D.,  Pathology.  Pathologist,  Baptist  Memorial  Hospital, 

i  Jacksonville,  Fla. 

Giese,  William  R. ,  Promotion  and  Advancement  of  Science.  Assistant  Executive 
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j  Goldsmith,  Alfred  N.,  Ph.D.,  Electronics.  Consulting  Engineer,  New  York,  N.Y. 
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Goossens,  Robert,  Ph.D.,  Biology.  Institut  de  recherches  sur  le  cancer,  Villejuif, 
France. 

Graham,  Arthur  R.,  Ph.D.,  Neurophysiology.  Associate  Professor,  Biolojj, 
Memorial  University,  St.  Johns,  Newfoundland,  Canada. 

Grubbs,  Robert  C.,  M.D.,  Physiology.  Associate  Professor,  Ohio  State  Universit;, 
Columbus,  Ohio. 

Hartman,  Paul,  P.E. ,  Highways,  Associate  Professor,  Civil  Engineering,  The 
City  College  of  New  York,  New  York,  N.Y. 

Henig,  Philip  E.,  M.D.,  Internal  Medicine.  Private  Practice,  New  York,  N.Y. 

Holmes,  Edward  L.,  M.D.,  Physiology.  Teaching  Fellow,  Department,  Physiologj, 
Wayne  University,  Detroit,  Mich. 

Inch,  Robert  Stuart,  M.R.C.P.E.,  Internal  Medicine.  Assistant  Medical  Director, 
Bayer  Products,  London,  England. 

Irvine,  Everett  Wallace,  Jr.,  M.D.,  Medicine.  Resident,  Pathology,  Moffitt  Memori¬ 
al  Hospital,  San  Francisco,  Calif. 

Itabashi,  Hideo  H.,  M.D.,  Medicine.  Assistant  Resident,  Neurology,  Universit; 
of  Michigan  Hospital,  Ann  Arbor,  Mich. 
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Kane,  Charles  A.,  M.D.,  Neurologic  Medicine.  Associate  Professor,  Neurology, 
Boston  University,  Boston,  Mass. 

Ketterer,  Clarence  H.,  M.D. ,  Biology.  Private  Practice,  Gibsonia,  Pa. 

King,  E.  L.,  M.D.,  Biology.  Private  Practice,  New  Orleans,  La. 

Kinney,  Robert  J.,  M.D. ,  Biology.  Topeka,  Kans. 

Klein,  Lilli,  M.,  M. A.,  Psychology.  Personnel  Assistant,  Forest  Hills,  N.Y. 

Kohl,  Edmund  F.,  M.D.,  Medicine.  Private  Practice,  New  York,  N.Y. 

Kravitz,  H.  L. ,  M.D. ,  Medicine,  Nutrition.  Medical  Director,  Adolph’s  Food 
Products  Manufacturing  Company,  Los  Angeles,  Calif. 

Kroop,  Irving  G.,  M.D. ,  Cardiology.  Research  Associate,  Cardiology,  Jewish 
Hospital  for  Chronic  Diseases,  Brooklyn,  N.Y. 

Kuhl,  Willi,  Ph.D.,  Cell  Research.  Director,  Institute  for  Cinematic  Cell  Re¬ 
search,  Frankfurt,  Germany. 

Kunin,  Arthur  S. ,  M.D.,  Biology.  Massachusetts  Memorial  Hospitals,  Bostoo, 
Mass. 

Lardinois,  Clifford  C.,  Sr.,  M.D.,  Biology.  Captain,  M.C.,  U.S.  Army,  Sai 
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Detroit,  Mich. 
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Lockhart,  J.C.,  M..D. ,  Medicine.  Private  Practice,  Peoria,  Ill. 

Loewy,  Oscar  W.,  M. D.,  Biology.  Private  Practice,  Watervliet,  N.Y. 

Loftin,  Robert  L.,  M.D. ,  Medical  Science.  Private  Practice,  Broken  Bow,  Okla. 
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MacLaren,  John  Bruce,  M.D. ,  Medicine.  Medical  Director,  Kimberly  Clark  Corpo¬ 
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search  Foundation  Laboratories,  South  African  Institute  for  Medical  Research, 
Johannesburg,  South  Africa. 

Iloihoff,  Charles  M. ,  M.D.,  Internal  Medicine.  Private  Practice,  San  Antonio, 
Texas. 

Haul,  Geoffrey  T.,  M.D. ,  Legal  Medicine.  Chief  Medical  Examiner,  Common¬ 
wealth  of  Virginia,  Richmond,  Va. 

Hargulies,  Lazar  C. ,  M.D.,  Medicine.  Associate  Attending,  Beth  David  Hospital, 
New  York,  N.Y. 

Uirioni,  John  D. ,  M.D.,  Biology.  Taft  Road  Medical  Center,  Cincinnati,  Ohio. 
Hearin,  Robert  J.,  M. D. ,  Psychiatry.  Columbia  University,  New  York,  N.Y. 
lielnick,  P.  J.,  M.D.,  Pathology.  Pathologist,  Wayne  County  General  Hospital, 
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Iteltzer,  Robert  I.,  Ph.D. ,  Organic  Chemistry.  Senior  Research  Associate, 
William  R.  Warner  and  Company,  Inc.,  New  York,  N.Y. 
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gy,  University  of  Miami,  Coral  Gables,  Fla. 

Horales,  George,  M.D. ,  Anesthesiology.  Assistant  Instructor,  Albert  Einstein 
College  of  Medicine,  Yeshiva  University,  New  York,  N.Y. 

Uorissette,  Leopold,  M.D. ,  Medicine.  Private  Practice,  Montreal,  P.Q.,  Canada. 
Hosquera,  Angel  M.  Somohano,  M.  D. ,  Biology.  Attending  Physician,  Doctor 
Susoni’s  Hospital,  Arecibo,  Puerto  Rico. 

Ifykytew,  Marion,  M.D. ,  Biology.  Private  Practice,  Pittsburgh,  Pa. 

Natarajan,  S.,  M.S.,  Biochemistry.  Demonstrator,  Madras  Christian  College, 
Tambaram,  South  India. 

Nocenti,  Mero  R.,  Ph.D.,  Endocrinology.  Waksman-Merck,  Postdoctoral  Fellow, 
Bureau  of  Biological  Research,  Rutgers  University,  New  Brunswick,  N.J. 
Palmer,  Landon  L.,  M.D.,  Biology.  Private  Practice,  Toledo,  Ohio. 

Perry,  H.  Mitchell,  Jr.,  M.D. ,  Hypertension.  Instructor,  Medicine,  Washington 
University,  St.  Louis,  Mo. 

Peters,  Edwin  F.,  Ph.D.,  Biology.  President,  Des  Moines  Still  College  of 
Osteopathy  and  Surgery,  Des  Moines,  Iowa. 

Pfleger-^hwarz,  Lily,  Mycology.  Mycologist,  Universitates,  Haut  Klinik,  Vienna, 
Austria. 

Redfield,  Robert  R. ,  M.D.,  Biochemistry.  Research  Investigator,  National  Heart 
Institute,  Bethesda,  Md. 

Resnik,  William  H.,  M.D. ,  Biology.  Private  Practice,  Stamford,  Conn. 

Robertson,  William  Van  Bogaert,  Ph.D.,  Medical  Science.  Professor,  Biochem¬ 
istry,  University  of  Vermont,  Burlington,  Vt. 

Rodofsky,  Milton  H. ,  M.D.,  Psychiatry.  Geriatric  Service,  Veterans  Administra¬ 
tion  Hospital,  Brockton,  Mass. 

Sinjurjo,  Luis  A.,  M.D. ,  Biology.  Mimiya  Hospital,  Santurce,  Puerto  Rico. 
Santos-Ruiz,  A.,  Ph.D.,  Biochemistry.  Professor,  University  of  Madrid,  Madrid, 
Spain. 

Sassenrath,  Ethel  N.,  Ph.D.,  Biochemistry.  Assistant  Research  Biochemist, 
University  of  California,  Berkeley,  Calif. 

Sawicky,  H.  H.,  M.D. ,  Biology.  Private  Practice,  New  Rochelle,  N.Y. 

Schaefer,  Gerschen  L.,  M.D. ,  Medicine.  Assistant  Director,  Chest  Department, 
Ht.  Sinai  Hospital,  Chicago,  Ill. 

Schaffner,  Fenton,  M.D.,  Liver  Research.  Research  Associate,  Hektoen  Insti¬ 
tute,  Chicago,  Ill. 

Scham,  Manuel  J.,  M.D. ,  Biology.  Private  Practice,  New  York,  N.Y. 

Schechner,  Sidney  H.,  M.D.,  Medicine.  Assistant  Attending,  Medicine,  Bellevue 
Hospital,  New  York,  N.Y. 

Schmidt,  William  F. ,  M. D.,  Internal  Medicine.  Private  Practice,  Norton,  Va. 
Sdineider,  Jurg  A.,  M.D.,  Pharmacology.  Director,  Physiology  Research,  CIBA 
Pharmaceutical  Products  Inc.,  Summit,  N.J, 

Serafin,  Peter  J.,  M.D.,  Surgery.  Assistant  Attending,  Surgery,  New  Haven,  Coim. 
Sexton,  William  M. ,  M.D. ,  Medicine.  Associate  Medical  Director,  Purdue  Freder¬ 
ick  Pharmaceutical  Company,  New  York,  N.Y. 

Shomer,  Robert,  V.M. D.,  Veterinary  Science.  Private  Practice,  Teaneck,  N.J. 
Silver,  Murray  Y. ,  M.D. ,  Internal  Medicine.  Private  Practice,  New  York,  N.Y. 
Smith,  Roger  Dean,  B.A. ,  Insect  Physiology.  Medical  Student,  Associate  Re¬ 
search  Fellow,  Cornell  University,  New  York,  N.Y. 


186 


TRANSACTIONS 


Spirtos,  Michael  N.,  M.D. ,  Nerve  Regeneration.  Private  Practice,  Winner,  S.D.  | 

Stafford,  Robert  W.,  Ph.D.,  Chemistry.  Assistant  Director,  Stamford  Laboratories, 
Research  Division,  American  Cyanamid  Company,  Stamford,  Conn. 

Storch,  Henry  H. ,  Ph.D.,  Physical  Chemistry.  Technical  Assistant,  American 
Cyanamid  Company,  Stamford,  Conn. 

Sullivan,  Charles  Leavitt,  Jr.,  M.D.,  Obstetrics.  Visiting  Obstetrician,  St. 
Elizabeth’s  Hospital,  Boston,  Mass. 

Sumner,  Robert  E.,  M.D.,  Medicine.  Private  Practice,  Rock  Hill,  S.C. 

Suskind,  Raymond  R. ,  M.D. ,  Dermatology.  Associate  Professor,  Dermatology, 
University  of  Cincinnati,  Cincinnati,  Ohio. 

Talbot,  Montgomery  H.,  B.  S. ,  Chemistry.  Chemist,  The  Foundation  for  Clinical 
Research,  Boston,  Mass.  i 

Teller,  Morris  N.,  Ph.D.,  Cancer  Chemotherapy.  Assistant,  Sloan-Kettering  i 
Institute  for  Cancer  Research,  New  York,  N.Y.  1 

Tobin,  Richard  B.,  M.D. ,  Physiology.  Instructor,  Medicine,  University  of 
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pital,  Bronx,  N.Y. 
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